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1 
1. INTRODUCTION 
Saudi Arabia is the largest country without a single 
river. A map of the country is shown in Fig. 1.1. The aver­
age annual rainfall is less than 101.6 mm (4 inches), except 
for the southwestern mountains where the rainfall may reach 
an average of 304-. 8 mm/yr (1 foot/yr). Table 1.1 gives the 
annual rainfall in the period from 1967 to 1972 at meteoro­
logical stations on the West (Red Sea) Coast (1). The high­
est record in this period was ^ 53*1^  mm (17.8^  inches) in 
Tayif in 1968 and 3^ 2.9 mm (13-5 inches) in Khamis Mushait 
in 1969» In some valleys, streams form after rainfall and 
dams have been built or are being built to collect rain 
water. This water is used to supplement underground water 
to supply domestic and irrigation needs. Runoff water is 
the main source in the Southern Province. 
Underground aquifers are present in several parts of 
the country, especially in the Eastern Provinces. In cer­
tain areas the pressure in water bearing formations is so 
high that ground water from confined aquifers gushes to a 
height of 100 m (328.08 feet) or more above ground level. 
The depth of these confined aquifers ranges between 75 
meters (246.06 feet) and 250 m (820.21 feet). Other free 
flowing aquifers can only be used via hand operation and 
artesian wells. The depth of these wells, which produce 
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Fig. 1.1. Saudi Arabia 
Table 1.1. Annual rainfall at "West Coast meteorological 
stations 1967-1972, millimeters (inches) 
Station 1967 1968 
Jeddab 3^  (1.340 173 (6.81) 
Medinah 3.7 (0.15) 72 (2.83) 
Tayif 126 (4.96) 453.2(17.84) 
Tabouk 107 (4.21) 127.3 (5.01) 
Yenbu 12 (0.47) 106 (4.17) 
Al-Wajh 22 (0.87) 68.5 (2.7) 
Khamis Mushait 246.6 (9.71) 268 (10.55) 
Hayll 60.8 (2.39) 107.4 (4.23) 
If 
1969 
129.2 (5.09) 
82.9 (3.26) 
28.9 (1.140 
74 (2.91) 
7.8 (O.31) 
342.9 (13.5) 
192 (7.56) 
1970 
67.5 (2.66) 
14.3 (0.56) 
108.7 (4.28) 
127 (5) 
11.8 (0.47) 
216.4 (8.52) 
26.5 (1.04) 
1971 
106.3 (4.19 
103.8 (4.09) 
260.3(10.25) 
22.8 (0.9) 
33 (1.3) 
173.9 (6.85) 
55.7 (2.19) 
1972 
103.9 (4.09) 
39.5 (1.56) 
213 (8.39) 
35.2 (1.39) 
2.4 (0.10) 
8.8 (0.35) 
97.1 (3.82) 
133.7 (5.26) 
5 
water from underground water strata, averages 50 m (164.04-
feet). Since the introduction of powerful drilling rigs 
and deep well pumps, over 70,000 private and public wells 
have been drilled all over the country. In the Eastern 
Province, several channels have been constructed to utilize 
natural surface water in the form of man-made springs. In 
Al-Hassa there are more than 160 such springs, some of which 
are capable of producing up to 143,845.6^  m^ /d or 1.6649 
m^ /s (38,1 million U.S. gallons per day, MG/d). About 68.7# 
of agricultural water is supplied by rainfall and the rest 
is obtained from springs and wells. Early surveys indicate 
that substantial reserves of underground water resources 
exist in the central and eastern parts of the country. How­
ever, the underground water is rapidly diminishing at many 
locations. The water level is already low and is getting 
lower at a fast rate due to large consumption and the un­
availability of additional natural underground fresh water 
resources to replenish the exhausted supply. 
In spite of the rare data on the flux of atmospheric 
water vapor into and out of the Middle East region, analysis 
of the flux and flux divergence of moisture had been done by 
Starr and Peixoto (2). The analysis has been discussed in 
detail by Lufkin (3)» The average flux of water vapor over 
the Middle East vôiich has been confuted by Starr and 
Peixoto (2) for the year 1958 is shown in Fig. 1.2. There 
Indian ^ 
.Ocean ^ 
Streamlines^ _^ -^ # 
Flux isolines 
fig. 1.2. Average water vapor flux for the year 19^ 8 
7 
are two moisture streams vmicli converge along a line across 
the southeast corner of the Arabian peninsula. One stream 
flows from the Mediterranean toward the east and the other 
flows from the Indian Ocean towards the west (4-). The max­
imum rainfall over the southern tip of Saudi Arabia is dur­
ing the summer with the moisture flow from the east. Much 
of the rainfall over this area may flow inland as underground 
water beneath the "Empty Quarter" (Al-Rabuh A1-Khali) of 
Arabia. Eventually water evaporates from the oases and salt 
marshes well to the north (3, h). According to optimistic 
predictions there may be enough water under the "Empty 
Quarter". However, this source of ground water may not be 
useful in solving national water problems due to the dif­
ficulties in transportation to the main cities. This water 
may be used for local irrigation if economically feasible. 
The average annual precipitation for the Middle East 
is shown in Fig. 1.3. Figures 1.4- and 1.5 show the precipi­
tation during the winter and the summer (40. The wet-winter, 
dry-summer regime is found in southern Saudi Arabia. True 
desert conditions exist in a large part of the country. 
Water is indeed in short supply. There is not much hope 
for any immediate source of water except for the possibility 
of untapped ground water sources. There is so little mois­
ture that no kind of rainmaking in this region is feasible 
(40. Thus, the potential of iceberg utilization as a source 
8 
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of water and a possible microclimate modifier could be a 
good solution in sight. 
large bodies of salt water form the boundaries of Saudi 
Arabia; the Arabian (Persian) Gulf on the east and the Red 
Sea on the west. Vast areas of arable land are along the 
sea coasts vhere no natural fresh water resources are avail­
able. Consequently, water desalting is the appropriate 
ready solution to supply the growing domestic needs in the 
coastline regions of the country. The output of the desalt­
ing plants can be mixed with the abundant brackish water to 
maintain acceptable mineral concentrations content. Addi­
tional brackish water can be desalted in some areas to in­
crease the overall supply. The well-developed and rela­
tively nonexpensive reverse osmosis (RO) modules are ver­
satile enough in their use and can be conveniently employed 
to provide potable water to small dispersed communities as 
well as individual apartment buildings. 
Desalination is by far the most developed technology of 
fresh water production. Consequently, expansion in the con­
struction of desalination plants is expected to play a major 
role in the water resources program in the Arabian Peninsula 
for the next few decades. Present long-range plans include 
development and implementation of programs aimed at having 
desalted water replace, wherever and whenever possible, 
natural resources as the main water supply for municipal and 
12 
industrial use, so that the natural resources can be used for 
irrigation (5)- As an ezangle, the wells at Wadi Fatina were 
the main source for drinking water in Jeddah. After the oper­
ation of the first desalination plant in the city, 38^  of the 
municipal requirements were supplied from the wells and the 
rest of the natural water yield was released for irrigation. 
Desalted water is also likely to play a major role in 
agricultural expansion in Saudi Arabia. Presently, more 
than 50/^  of the needed basic foodstuffs are imported and 
less than 0.5/^  of the land is cultivated. The major part of 
the total cropped area is rain-fed irrigated and hence crop 
yields vary considerably from year to year. In addition, 
frequently occurring droughts may keep important agriculture 
areas dry for long periods of time, such as in the recent 
situation in the Qatif Oasis on the East Coast. If the ap­
parently existing reserves of underground water in the cen­
tral and eastern part of the country are as substantial as 
anticipated and if this water is to be less costly and more 
suitable for farming than desalted water, desalting applied 
to agriculture might still be a desirable tool to create 
modern agriculture in suitable locations on the Western and 
Eastern Coasts. 
Importing water is a common practice in countries of 
low population and modest water demand. This is the case 
especially for isolated communities on islands and desert 
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locations accessible to land or sea transportation. The 
use of supertankers to carry water to the Arab peninsula 
from neighboring countries having ample water resources has 
appealed to several planners. One of the proposed, but yet 
to be investigated, ideas is to pipe water from the Nile to 
the Red Sea coast on Eastern Africa and then transport water 
across the sea either by tankers or by piping to the Saudi 
Arabian West Coast. Nile water accumulated in Lake Nasser 
behind the High Dam, Egypt would be transported either as 
raw water or in a treated form. Technological problems 
associated with transporting raw Nile water include clogging, 
buildup of algae and high maintenance cost. However, piping 
water for irrigation in remote areas is a feasible option. 
The capital cost of such a project is expected to be less 
than that incurred in the construction and operation of de­
salination plants producing equal quantities of water at the 
same rate. Transport of raw water would have favorable im­
pact on irrigation projects on the West Coast of Saudi 
Arabia. This is in addition to providing treated water for 
domestic use. Another route for transport of Nile water is 
through Ethiopia across the Bab-El-Mendeb straits north of 
the Gulf of Aden. In this case the sea transmission diffi­
culties can be alleviated; however, the location of the in­
take on the Nile river may not be as adequate as the Lake 
Nasser reservoir. Selection of appropriate routes is mainly 
Ih 
determined by economic considerations. Political, ecolog­
ical and environmental problems need to be studied and a 
careful assessment of the impact of the project on the water 
systems in the countries involved is necessary for economi­
cal evaluation of the piping project compared vn.th other 
alternatives. 
Rain can be stimulated through weather modification. 
Cloud seeding may not be feasible in Saudi Arabia due to 
the climate peculiarities in the region. However, there is 
a potential for micro-climatic changes which may enhance 
precipitation. The atmospheric humidity on the West Coast 
is over 90% in the hot summer season, •vôiile the precipita­
tion is very low due to the high temperature. Nevertheless, 
rain may be enhanced if physical means are provided to lower 
the temperature by a few degrees. Creation of low pressure 
in the southwestern region of the country is likely to at­
tract the monsoons of the Indian Ocean (6). 
Recently,,Saudi Arabia became interested in harnessing 
the antarctic icebergs (7-10). The icebergs would be towed 
to the West Coast where the fresh water from the melting 
ice can be used. The cooling effects of the large cold 
surface is hoped to affect the desired micro-climate per­
turbation to bring about rainfall over arid and potentially 
irrigable land in the Province of Asir south of Jeddah. A 
typical project involves wrapping the bergs in plastic sheets 
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to prevent melting. Tugs are used in towing the icebergs 
from the ice shelves using predetermined routes wherein the 
prevailing currents may assist in the transport process. 
Large "bergs have to be sliced in the Gulf of Aden using 
wires and then towed through the Bab-El-Mendeb straits (6). 
After reaching its destination, the berg would be girded by 
a special, floating, water-proofed fence-like reservoir. 
The fresh water from the melting ice floats on salt water 
and would be continuously pumped to shore (11). Moreover, 
in the hot summer and humid climate, the floating berg of 
ice would cause the condensation of atmospheric water, tAiich 
adds about 25^  to the yield of the fresh water produced from 
ice melting (12). Preliminary analysis of the concept has 
shown that it may economically compete with desalination 
(6 ) .  
The iceberg melt water is of high purity since it has 
approximately 4 ppm mineral content. !Etius, the melt water 
can be blended with sea water to get any desirable salinity. 
Table 1.2 shows the blending ratio of iceberg melt water 
with Red Sea water and the product salinity. A salinity of 
45j000 ppm is used for the Red Sea. Evaporation and melt­
ing rates are not included. Thus, to get 100 million gal­
lons of blended water per day with 500 ppm salinity, about 
88.89 tons of iceberg mass is needed per day at the sea 
shore. 
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Table 1.2. Blending ratios of iceberg melt water with 
Red Sea water and product salinity 
Blending Ratio®" Salinity of Produced 
(percent) Water (ppm) 
50 22,500 
66.67 15,022 
80 9,008 
88.89 5000 
100 -4-
blending ratio = 
In Chapter 2, patterns of water demand and consumption 
in the Kingdom of Saudi Arabia are analyzed to extrapolate 
the extent of actual future desalination activities. Current 
production of desalted water and future plans are given. Ex­
pansion in the construction of desalination plants is intended 
to increase the installed capacity by more tha a hundredfold 
"Within the next decade. The largest plant is 757 thousand 
mVd (200 MG/d)/2000 dual-purpose plant, vAiich will be in­
stalled on the East Coast. Electric power generation activ­
ities associated with water desalting are also considered 
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to examine the role of dual-purpose plants. Patterns of 
power demand, production and consumption are discussed. 
The present management procedure of major desalting plants 
is presented and analyzed. Finally, long-term plans are 
examined in relation to the present economic and social 
structure. 
In Chapter 3, the viability of using nuclear energy 
in desalting sea water in Saudi Arabia is considered. On 
the basis of recent plans to expand in the capacity and 
distribution of power and desalination plants, scenarios 
are developed to examine the economics of nuclear systems 
within the frame of present development. Merits of employ­
ment of nuclear energy are discussed and regional factors 
which may affect future plans are presented. 
In Chapter V, engineering management and manpower 
aspects of potential nuclear desalination projects in non-
nuclear countries are considered with emphasis on safety 
and quality assurance. Detailed investigation is made of 
manpower and staffing requirements of dual-purpose nuclear 
power and desalination plants. Organization and management 
of typical overall nuclear programs and Individual plants 
are studied to provide specific recommendations of proce­
dures compatible with countries of little or modest in­
dustrial activities. Saudi Arabia is selected as a specific 
case for this study; however, the results generally apply 
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to countries at the same industrial development level. The 
case of Saudi Arabia is of interest due to peculiarities of 
shortage in human capital and lack of industries necessary 
to support desalination and nuclear energy activities. 
In Chapter 5? decision theory and multiattribute utility 
theory are used to analyze the different alternatives of 
solving the management problem of nuclear desalination in 
the Kingdom of Saudi Arabia. Fourteen attributes were pro­
posed and analyzed to calculate the utility functions for 
five different alternatives. These alternatives are: (1) 
using the experts only; (2) using the computer, and the 
computerized machines, "which will minimize the number of 
workers; (3) mixture between experts and computer use; (4-) 
local workers who had been trained in similar plants in 
foreign countries; and (5) experts phased out with trained 
locals. It is found that the best solution is to use the 
computer and computerized machines. The second best solu­
tion is to use trained locals trained in similar plants in 
foreign countries. 
Rising international demand on nuclear power plants 
raises many questions regarding quality assurance procedures 
and safety regulations aspects of the transfer of nuclear 
technology to nonnuclear countries. Therefore, in Chapter 
6, the public attitude toward the spread of nuclear energy 
utilization is assessed to provide a frame of work for 
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examination of safety aspects of nuclear power plants in 
developing countries. Public attitude in nuclear countries 
is found to "be distinctively different from that in non-
nuclear countries. The safety-related problems of building 
nuclear power plants in developing countries are investi­
gated. Procedures to provide adequate quality assurance 
and to set appropriate safety regulations are suggested. 
Methods of implementing safety programs are also considered. 
Safety analysis of the reactor component of nuclear 
dual-purpose plants is carried out in Chapter 7 using the 
fault tree method. Emphasis is placed on that top event 
which affects reactor malfunctions leading to radioactivity 
release to the environment. The general safety features of 
dual-purpose plants are also discussed. 
Finally, concluding remarks and recommendations for 
further work are presented in Chapter 8. 
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2. DEMAND, PRODUCTION, MANAGEMENT, 
ASSOCIATED POWER GENERATION AUD FTJTDRE PLANS 
2.1. Water Consumption 
Table 2.1 gives values of water allotment per inhabitant 
per day in six major cities on the West (Red Sea) Coast. 
Cities are listed in a descending order according to their 
population densities. Agriculture water requirements are not 
included. Values of present consumption are based on avail­
able information (I3) • These values are used in planning for 
the next 15 years. 
Daily per capita water consumption is expected to be 
larger for cities with more population and less scatter in 
population densities. However, the present consumption in 
Taylf is higher than the more populated cities of Mecca and 
Medinah. This is due to difference in domestic activities, 
such as private gardening -ràiich is more common in Tayif and 
Jeddah than in other Western Coast cities. On the other 
hand, the municipal water in Mecca and Medinah may not be 
equally available to all inhabitants at all times. In the 
hilly and less populated outskirts of the cities, a reduction 
in water consunçtion is caused by difficulty in transmission 
and forced outage of supply. In general, the daily per capita 
allotments given in Table 2.1 underestimate the actual water 
demand in the case of a fully developed central water supply 
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Table 2.1. Present daily per capita water consumption in 
six major cities on the West Coast 
City m^  U.S. Gallons 
Jeddah 0.28^  75 
Mecca 0.239 63 
Medinah 0.239 63 
Tayif 0.292 77 
Tabuk 0.220 58 
Yenbu 0.201 53 
system (l4), although the numbers may overestimate the cur­
rent consumption during some periods of the year (15) • 
Monthly changes in water consumption in Riyadh, Jeddah, 
Medinah, Mecca, and Yenbu are shown in Fig. 2.1. The con­
sumption in Mecca is practically constant all year around 
except during the Sajj (the pilgrimage to Mecca prescribed 
as a religious duty for Muslims) season when it peaks 
slightly. The Saj j season occurs at a certain month of the 
Muslim Hijri year, vdiich differs from the Gregorian year, 
and hence the season occurs at different months in each 
Gregorian year. The annual average-to-peak ratio is about 
90.89^ . In Yenbu the consumption exhibits a steady pattern 
over periods of four months each increasing or decreasing 
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Figure 2.1. Monthly water consumption pattern in five 
major cities, Saudi Arabia, 1972 
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slightly at the end of each period. The change is within 
± 378.5 (± 0.1 million gallons). The seasonal change in 
Jeddah is rather mild, due to the location of the city. The 
change in both Medinah and Riyadh during the year is signif­
icant. The consumption in Medinah drops down throughout the 
winter except during the Eajj season when a peak occurs. The 
peaks in Medinah and Mecca are accompanied by a drop in water 
consunçîtion in Riyadh, the nation's capitol. This is due to 
migration of people and transfer of some governmental func­
tions to Mecca and Medinah during the Sajj season. However, 
the increase in water consumption during this season is af­
fected also by the large number of pilgrims from other coun­
tries. There is also a trough in the consunrption in Riyadh 
during the summer months when the government moves to Tayif 
for the season and some of the people spend their summer in 
other areas which have lower summer temperatures than Riyadh. 
The change in seasonal water consumption per unit cus­
tomer per day in Jeddah, Riyadh, and Medinah is shown in 
Fig. 2.2. The trend follows closely the seasonal variation 
in Fig. 2.1. However, the unit customer is larger in size 
in Jeddah than in Riyadh, since the total daily consumption 
in Riyadh exceeds that in Jeddah over most of the year. 
Fig. 2.2 also indicates that the per capita water consumption 
is the highest in Jeddah all over the year. Table 2.2 lists 
the average year around daily consumption per unit customer 
2h 
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Fig. 2.2. Seasonal change in water consiiz^ tion per unit cus­
tomer per day in Jeddaii, Riyadh, and Medinah 
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Table 2.2. Average daily consun^ tioii per unit customer 
City m^ /d G/d 
Jeddah 4.8l 1271 
Riyadh 1.21 320 
Medinah 0.654 173 
Mecca 1.52 402 
Yenbu 0.73 193 
in the aforementioned five cities. 
2.2 Installed Desalting Capacity 
Six desalination plants are currently in full operation. 
Four of the plants are located on the West (Red Sea) Coast 
and use heavy oil fuel. The other two use natural gas as 
fuel and are located on the East Coast (Arabian Gulf). Only 
one plant is constructed for electric power and water pro­
duction. Each plant contains one or more operating units, 
each of vâiich consists of a boiler and a multistage flash 
(MSF) evaporator. The type, capacity, location, and year 
of start of operation are listed in Table 2.3» The following 
is a brief description of the largest plants. 
Table 2.3» Operating desalination plants 
Plant Type Fuel Number 
of Units 
Capacity Coastline 
Location 
Operation 
Date 
Jeddah I Dual 
Purpose 
Heavy 
Oil 
2 18,927 mVd(5 MG/d) 
/?0 MWg®-
West 1970 
Duba I Single 
Purpose 
Heavy 
Oil 
1 227 mVd(60 kG/d) West 1969 
A1-Khobar I Single 
Purpose 
Natural 
Gas 
3 28,391 mVd(7.^  MG/d) East 197^  
Al-Wajh Single 
Purpose 
Heavy 
Oil 
1 227 mVd(60 kG/d) West 1969 
Al-Khafji Single 
Purpose 
Natural 
Gas 
1 3^^  m3/d(120 kG/d) East 
(close to 
Kuwait) 
197^  
Umm Lujj I Single 
Purpose 
Heavy 
Oil 
1 •^3^  mVd(120 kG/d) West 197? 
= Mega watts electric. 
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2.2.1. Al-Khobar I 
Phase I of the Al-Khobar desalination plant supplies 
28,391 m^ /d (7.5 MG/d) of desalted water to the city of Al-
Khobar on the Arabian Gulf Coast. The plant is constructed 
to meet only domestic water needs. The desalted water is 
blended with brackish water from nearby wells. The blending 
ratio is kept within limits set by the current standards of 
drinking water. Natural gas is released free of charge for 
use in the plant. The fuel cost is basically the cost of 
transmission and treatment of the gas. The capital cost of 
the transmission pipeline and the treatment plant was about 
$2.72 million. Data on analysis of water from the Arabian 
Gulf in the vicinity of A1-Khobar are given in Table 2.4-. 
Table 2.4. Properties of sea water near Al-Khobar and 
Jeddah (15, 16) 
Al-Khobar Jeddah 
pH 8.3 8.6 
Conductivity at 20°C (68°F), 
microsiemens 70,500 86,000 
Total Dissolved Solids, ppm 4-2,000 45,000 
Total Hardness as CaCO^ jPpm 8,500 8,800 
Maximum Sea Water Temperature, 
°C, (°F) 32.2 (90) 32 (89.6) 
Minimum Sea Water Temperature, 
°C, (°F) 14-.4. (58) 22 (71.6) 
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2.2.2. Jeddah I 
The city of Jeddah is the most important port of Saudia 
Arabia on the Red Sea Coast. The city is supplied with 30,283 
m^ /d (8 MG/d) water from the wells of Wadi Fatma and ^ 9,210 
m^ /d (13 MG/d) blended desalted water. The 18,927 mVd (5 
MG/d) water output from Jeddah I is blended with 62% brackish 
water from the wells of "Wadi Kelus. Information about the 
Jeddah I dual-purpose plant is given in Table 2.5* 
The sale price of potable water is less than 20^  of the 
cost of desalted water. Reduction in sale price results from 
blending and government subsidy of water and electricity. 
The sale price of electrical energy is set by the government 
at 19«7 mills/kWh for the residential sector and 1^ .1 mills/ 
kWh for the industrial sector. These prices are common for 
all the country and have come into effect recently. The 
properties of the Red Sea water near Jeddah are given in 
Table 2.^ . Data were obtained on January 20, 197^ . The net 
evaporation rate is about 129*5^  cm/yr (5*1 inches/yr). A 
typical daily load variation of the desalination plant in 
the summer is shown in Fig. 2.3* The peak occurs around 11 
a.m. The changes in ambient temperature during the same day 
are shown in Fig. 2.^ . 
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Table 2.5* Jeddah I dual-purpose plant 
De salination 
Plant Capacity 
Desalination Process 
Fuel Type 
Fuel Cost^  
Daily Fuel Consumption 
Blending 
Supplementary Natural Water 
Ambient Tençerature (aver­
age) 
Length of Feedwater Pipe 
Elevation of Desalination 
Plant 
Elevation of Well Field 
Desalted Water Cost° 
0.219 m^ /s (5 MGD) 
MSF 
Buncker C oil (Grade 3) 
1.19/f/liter ( h-. ^ l/^ /gal. ) 
8.82{^ /M cal (3?$zf/MBtu) 
metric tons 
62% brackish water 
0.3505 m3/s (8 MGD) 
30.6 OC (87 OF) 
2lh,h m (792 ft) 
3.048 m (10 ft) 
3.048 m. (10 ft) 
l5.6{?/m3 (59îé/1000 gal) 
Electric Power 
Rated Power 
Number, Capacity, and Type 
of Generating Units 
Plant Capacity Factor 
Plant Availability Factor 
Load Factor 
Internal Power Consumption 
Electric Power Cost 
Electric Power Price° 
50 MWg 
2 x25 MWg steam turbo­
generator 
1 X20 MWe gas turbo-generator 
66% 
92^  
90g 
16# 
19.8 mills/kWh 
19.7 mills/kWh residential 
l4.1 mills/kWh industrial 
u^el cost is based on 1975 oil prices in Saudi Arabia 
and on current money market, 1 U.S. $ = 3*55 S.R. (Saudi 
Riyal). 
T^he sale price of water is actually less than 20% of 
the cost per unit volume of water, this is achieved by the 
blending with free of charge water from natural resources 
and government cost sharing. 
®Rate of electrical energy is fixed by the government as 
a national service and hence it does not reflect the actual 
cost. 
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Fig, 2.3" Summer daily load variation, Jeddah I 
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Fig. 2.k-, Summer daily temperature variation, Jeddah 
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2.3" Water Requirements 
Present consumption rates in a certain region do not 
give an accurate indication of the actual vjater requirements 
in this region. Moreover, these rates can hardly "be used to 
project future demand, because the consumption rate depends 
on the efficiency and the types of distribution system and 
on accessibility to those systems. The rate also depends on 
the excess quantity of water available beyond the volume 
necessary for urgent needs and on idiether or not other clean 
water sources are available for domestic use than those pro­
vided by the water supply in a given locality. These factors 
greatly affect water demand, especially in Saudi Arabia due 
to the large scatter in population densities and to the new­
ness in some areas of the country of supplying water by a 
central system. Consequently, one needs to differentiate 
between three categories: present consumption (PC), basic 
need for potable water (BNPW), and municipal and industrial 
(MS:I) requirements. 
The BNPW and M&I components of the requirements are 
obtained for several localities and listed in Table 2.6 for 
six major estem oast cities. Table 2.7 gives the total 
water requirements for smaller communities on the West Coast. 
The values given in the BHPW column are estimated according 
to the relative size of population at the present time and 
in the near future. The wSâ allotments are selected on the 
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Table 2.6. Daily per capita water requirements in six major 
Western Coast cities 
Basic Need for Municipal and 
Potable Water Industrial Requirements 
(BKPW) (M&I) 
City Liters U.S. Gallons Liters U.S. Gallons 
Jeddah 280 (74) 408 (107.7) 
Mecca 280 (740 408 (107.7) 
Medinah 239 (63) 408 (107.7) 
Tayif 239 (63) 408 (107.7) 
Tabuk 239 (63) 408 (107.7) 
Yenbu 220 ($8) 250 (66) 
basis of the population density, considering the present 
M&I consumption rates per capita that are typical of many 
communities around the world (17). The difference in life 
style and national habits does influence the water consump­
tion rate per individual, however, the numbers given would 
be adequate for Saudi Arabia provided central water systems 
are well developed. 
Comparison between the values given in Table 2.1 for 
the PC requirements and the BNPW values of Table 2.6 shows 
that the required drinking water exceeds the current allot­
ment in Mecca, Tabuk and Yenbu. This is also the situation 
in most of the smaller cities. The actual domestic water 
3^  
Table 2.7. Present population and water requirements in 
small cities near the West (Red Sea) Coast 
Water Requirements 
City 
Population 
1000 Persons 
mi 
m^ /d^  kG/d nr/d^  kG/d 
Turbah 8 1,756 (464) 1,999 (528) 
Rabigh 7 1,537 (406) 1,749 (462) 
Umm Lujj 7 1,537 (406) 1,749 (462) 
Karma 6 1,317 (348) 1,499 (396) 
A1 Wajh 5 1,098 (290) 1,249 (330) 
Reinhe 5 1,098 (290) 1,249 (330) 
A1 Ula h 878 (232) 999 (264) 
Duba 3.5 768 (203) 874 (231) 
A1 Qunfudah 3-5 768 (203) 874 (231) 
A1 Leeth 3 659 (174) 750 (198) 
Taima 3 659 (174) 750 (198) 
Baljarshi 3 659 (174) 750 (198) 
Khaybar 3 659 (174) 750 (198) 
Khalays 2.5 549 (145) 625 (165) 
Badr 2 439 (116) 500 (132) 
A1 Baha 2 439 (116) 500 (132) 
Haql 2 439 (116) 500 (132) 
m^3/d values are rounded. 
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requirements (DWR) much exceed the BNPW requirements in most 
localities wherein water is in abundance. This is why the 
PC value given in Table 2.1 exceeds the corresponding BNPW 
value of Table 2.6 for Tayif by 0.05 m^  (l4 G) while the PC 
hardly matches the BHPW in other locations. 
2.4. Projected Demand 
Table 2.8 gives the expected population and the pro­
jected water requirements in 1991 in the six major cities 
on the West Coast. The population is estimated by inter­
polation from data on minimum and maximum expected popula­
tion forecast (13). The BNPW allotment per capita for Yenbu 
is assumed to be the same as Tabuk. The total water require­
ments by 1991 in the six cities are expected to be in the 
range 714-1,840 thousand m^ /d or 8.27-21.31 m^ /sec (189-^ 91 
MG/d). Actually, additional water will be required to sus­
tain present levels of agricultural production, to alleviate 
existing agricultural water deficiencies, and to cultivate 
more land to meet the increased food demand. Also, a large 
increase in water demand would be associated with the expan­
sion in agriculture and industrial development that is 
presently planned to broaden the base of the economy of the 
country and to provide an alternative source of income other 
than the oil revenues. Various industrial plants will be 
sited on the East and West coasts and would draw on 
Table 2.8. Population and water demand in major cities on the West Coast (1991) 
Projected Water Requirements 
PC* BNPW M&I 
City 
Average 
Estimated 
Population 
(1000 
persons) mVsec 
Annual 
Volume 
million 
m^  MG/d mVsec 
Annual 
Volume 
million 
m^  Mg/d mVsec 
Annual 
Volume 
million 
m^  MG/d 
Jeddah 1300 4.28 135 (97.5) 4.21 133 (96) 6.02 190 (140) 
Mecca 7^ 0 2.08 65*5 (47.5) 2.44 77 (56) 3.49 110 (81) 
Medinah 3^ 0 0.97 30.5 (22) I.l4 36 (26) 1.62 51 (38) 
Tayif 17? 0.# 18.5 (13.5) 0.48 15 (11) 0.82 26 (19) 
Tabuk 100 0.2? 8 (6) 0.29 9 (6) 0.48 15 (11) 
Yenbu 0^ 0.092 3 (2.5) 0.13 4 (3) 0.19 6 (4) 
Total 8.27 260.9 (189) 8.69 274 (198) 12.62 398 (293) 
P^C = Present Consumption. 
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desalinated water. 
As was mentioned above, the DWR much exceeds the BIîPW" 
requirements. The differential between the two values in­
creases with the standard of living and depends on the style 
of life. In an affluent society the water that goes to the 
drain from domestic uses may reach as high as 2? times the 
water that is consumed through human intake. A typical water 
use distribution is shown in Figure 2.^ . Although this may 
never be the case in Saudi Arabia, the actual water require­
ments are likely to increase with the availability of water 
and with the inevitable change in the life style. Thus, the 
DWR is expected to be at least double the BNPW values given 
in Table 2.8. The controlling elements that may keep the 
water requirements from rising rapidly with the increase in 
the gross national product (GIfP) are the cultural factor and 
the use of adequate water management strategies. 
2.5' Water Management 
The Saudi Arabian culture does ençhasize the use of 
water in many personal daily activities; however, it also 
emphasizes efficient water use and values water as a vital 
commodity. This, in addition to the relatively low consunrp-
tion rate at the present time and the fact that central 
water systems are still in the stage of development, allows 
for planning efficient water management programs. A possible 
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scheme for efficient water use in the domestic sector of 
consumers is to divide the water supply into two streams as 
shown in Fig. 2.6. Water produced "by desalination plants is 
blended with brackish water using a different blending ratio 
for each stream. The water for human intake has to meet the 
standards given in Table 2.9 (l8, 19). Exceeding the per­
missible level could result in undesirable health effects 
(20). On the other hand, water for domestic uses other than 
drinking may be supplied at salinities above the standard 
limits. Transmission of water of relatively high solid con­
tent would involve additional costs in piping to prevent 
corrosion and crud accumulation. However, this cost may be 
offset by reduction in the cost of production of more de­
salted water. 
2.6. Power Associated with Desalination Activities 
Currently the operating desalination plant in Jeddah 
produces power to supplement the electric energy supply to 
the city. The choice between single-purpose and dual-purpose 
plants in a given location in Saudi Arabia is not determined 
by economic factors alone but mainly by the existing electric 
energy market at that location. Hence, future plans and pro­
jections of water desalination activities are tied up to the 
electric power generation demand. 
The amount of electric power consumed at present is 
pumps 
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flow 
control 
flow 
control 
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desalination 
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Fig. 2.6. Two-streams water management scheme 
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Table 2.9. Standards for drinking water (concentration, ppm) 
Optimum 
Maximum Permissible Concentration 
Lead 0.1 0 
Flouride 1.5 0.5 
Arsenic 0.05 0 
Selenium 0.05 0 
Hexavalent Chromium 0.05 0 
Recommended Maximum Concentration 
Phenol in Phenolic Coagounds 0.001 0 
Iron and Manganese 0.3 0 
Copper 3 0 
Zinc 15 0 
Magnesium 125 125 
Chloride 250 250 
Sulfate 250 250 
Total Dissolved Solids 
Recommended 500 
Permissible 1000-1500 
very small. However, there is a vast growth in the rate of 
consun^ tion in the residential sector of consumers. The 
recent reduction in the prices of electricity by the govern­
ment is expected to result in higher rates of increase than 
those observed earlier. In the sixties and early seventies 
the doubling time was four years. The reduction in price in 
1975 caused a sudden demand •vdiich cannot be met by present 
h2 
installed capacities and, hence, a shorter doubling time in 
power production is expected around the turn of this decade. 
The rise in demand is attributed also to growth in both munic­
ipal and industrial power requirements and to using elec­
tricity in replacement of other energy forms. 
2.7. Installed Power Capacity 
In order to examine the rate of growth of electric 
power generation and consunçtion in the past few years we 
may consider the relatively high populated cities such as 
Jeddah, Riyadh, Tayif, Al-Hassa, Rahimah, Mecca, and Medinah 
as well as the Dhahran District. Figure 2.7 shows the total 
installed capacity in these cities for a period of seven 
years. The doubling time is about four years. For the power 
stations in these areas the plant use factor is low on the 
average. The rate of growth of power production is shown 
in Fig. 2.8. The overall installed capacity in 1972 for 
vâaich data are currently available is given in Table 2.10. 
The capacity of the Arabian American Oil Co. (ARA24CO) plant 
is 42.33# of the total installed capacity of the 3^  operating 
plants. ARAMCO feeds power in a relatively large grid on the 
East Coast and the power is primarily used for oil operations. 
The five major plants are ARAMCO, Jeddah, Riyadh, Dhahran 
District, and Mecca, ranked in order of their capacities. 
The capacity of these plants represent 90,70% of the total 
3^ 
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Fig. 2.7. Installed capacity growth in some major cities 
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Fig. 2.8. Actual installed power capacity (1966-197^ ) 
Table 2.10. Total Installed capacity in Saudi Arabia 1972 
Local 
Installed Reserve 
to National to 
Installed Installed Installed Actual Power Plant Load 
Capacity Capacity % Capacity 
% 
Consumption Factor Factor 
City (Approximate) 1000 kWh/yr % % 
Riyadh 112.8 16.46 12 309,252 39 49 
Jeddah 115:492 16.86 9 316,689.4 39 91 
Mecca 39.364 5.79 21 33,498.18 33 4l 
Medinah 12.1 1.77 23 37,939.207 47 42 
Tayif 19.813 2.89 17 34,602.41 24 39 
Dhahran District 6^  9.34 23 188,887 44 44 
Al-Hassa 9.18 1.34 25 27,282.41 49 4l 
ARAMCO 290 42.33 8 1,360,000 60 80 
Abha l.?3? 0.22 39 2,479 30 42 
Al-Bukairyah 0.3 0.^  33 189 11 14 
Al-Goof 0.48 0.07 33 1,229.82 M+ 47 
Kharj 1.6 0.23 25 5,127.242 49 91 
A1 Ras 0.45 0.07 33 1,233.09 47 93 
Zulfi 0.4 0.06 33 493 21 27 
Eflag 0.2 0.03 30 279.308 23 29 
Oyoon 0.36 0.05 28 620 27 30 
Karyatt 0.388 0.06 34 792.92 33 39 
Table 2,10 (Continued) 
Local 
Installed Reserve 
to National to 
Installed Installed Installed Actual Power Plant Load 
Capacity Capacity % Capacity Consumption Factor Factor 
City mwe (Approximate) % 1000 kWh/yr % % 
Al MuJamah 0,65 0.09 23 445 10 20 
Al-Marrah 0.235 0.03 3^ 298.53 25 23 
Al-Wajh 0.18 0.03 33 269 26 34-
Buraidah 2.7^  0.4 18 7,875 40 50 
Tabouk 1.85 0.3 22 3,925.41 31 35 
Jizan 1.4- 0.2 21 6,519.352 68 87 
Mail 0.^ 8 0.07 33 2,252.392 80 65 
Khamls Mushiett 3 0.44 27 — - — — — — 
Rahimah 1.1 0.16 27 6,060 86 79 
Sanais 0.75 0.11 27 550 23 31 
Shakra 0.788 0.12 25 834. 16 39 
Duba 0.18 0.03 33 394.08 31 44 
Arar 0.6 0.09 25 327 8 7 
Aniza 1.25 0.18 40 3,810.025 58 4l 
Nigran 0.298 0.04 40 823.193 53 4.3 
Wadi El-Dawash 0,^  0.06 38 275.31^  13 24 
Yenbu 1.15 0.17 43 2,200 39 47 
hi 
installed capacity. The availability factor of the Khamis 
Mushaitt plant was 25% only in 1972. However, in 197^  it 
operated at lower capacity of 2.1 and produced 
3,673.434 kWb. The reserve capacity was increased to 33^ , 
the load factor was 2h% and the plant factor was 30^ » In 
addition to the 3^  plants listed in Table 2.10, 11 more 
plants have been put in operation by 1974- at different lo­
cations. Most of the 1972 plants have been upgraded to 
capacities between 25-50/^  of the initial capacities. Some 
of the plants are considered in more detail in the follow­
ing sections. 
2.7.1. Jeddah 
In addition to electric power generated by the dual-
purpose desalination plant Jeddah I (described in Section 
2.2.2 and Table 2.5)? two additional plants operated by 
Jeddah Electric Company deliver a part of the electric 
energy required in the area. The plants data are given in 
Table 2.11. 
2.7.2. Medinah and Hafouf 
The installed capacity in Medinah is 15" MW^  and the 
expected load by the year 1985 is 100 MW^ . In Hafouf, the 
installed capacity is 13 MSif^  and the expected load by 1985 
is 90 MWg. The minimum load in both localities is about 400 
%^ ich is very low compared to the peak load. The dis­
parity between the minimum and maTimnm loads is rather large 
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Table 2.11. Additional electrical power plants, Jeddab 
Plant Capacity 
Reserve Capacity 
Load Factor 
Present Demand 
Type 
Fuel type, daily consunçtion 
and cost 
Crude Oil 
Diesel Oil 
58.7 MWg 
11 MW 
e 
81% 
107.35 MWg 
Diesel and Gas Turbine 
119.24 x lO^ m^  (31.5 MG) 
7.6 mills/liter (2.89 0/G) 
22,712 (6 MG) 
8.7 mills/liter (3-3 (^ /G) 
Table 2.12. Electric power plant, Medinah 
Installed Capacity 
Peak Load 
Fuel Type 
consumption 
cost (diesel) 
transportation cost 
Plant Type 
Transmission Cost (SMW^ load) 
15 
18 MWg during Eajj 
Diesel Oil and Crude Oil 
0.25 liters/km (0.065 G/kWh) 
470-500 metric ton 
96.1 j^ /liter (3.64 {Z?/G) Jeddab 
6 mills/liter (2.27 ^ /G) 
10 Diesel Units of Different 
sizes 
70,714.28 $/km(113,800 $/mile) 
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in both places. !Ehe annual peak in Safouf is during July 
and August and in Medinah is during Hajj. The latter was 
18 Mtfg in 1975* Table 2.12 gives a summary of data for the 
Medinah power plant. 
2.7.^ . Mecca and Tayif 
A summary of data for power plants in Mecca and Tayif 
are given in Table 2.i3. 
Table 2.13* Installed electric power, Mecca and Tayif, 
1975 
Mecca Tayif 
Installed Capacity, MW^  
Maximum Load, MW^  
Fuel Type and Cost, at Jeddah 
Diesel 
Crude 
Consumption 
Crude liter/kWh 
(G/loSstu) 
Diesel liter/kWh 
(G/lO^ Btu) 
0 & M,^  Power Stateion 10^  $ 
0 & M, Transmission 10^  $ 
Transmission Cost, 11 kV 
Overhead Line 
ko 
40.2 
19 
13.8 
0.88 {^ /liter (3-3 f/G) 
0.77 (Z^/liter (2.89 f/G) 
0.02728 
0.02 
0.02773 
0.0215 
215.5 
167.8 
14,084.5 $/km 
(22,666 $/mile) 
0.02864 
0.022 
0.02728 
0.02 
166.8 
61.95 
Operating and maintenance. 
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2.8. Power Consunçîtion Patterns 
The typical daily load variation for the diesel and 
turbine plants in Jeddah is shown in Fig. 2.9. The total 
daily variation for the overall electric load in Jeddah in­
cluding the load on the desalination plant is shown in Fig. 
2.10. The curves are obtained for mid-June, 1975» 
For Medinah, the daily variation changes significantly 
from season to season. This is shown in Figs. 2.11 and 2.12 
for four different days. In addition to the shift in the 
peak, which occurs at a time different from that in the USA, 
the change in the average and maximum loads is significant 
between the summer and winter months. During the high de­
mand season of Haj j, the change in the peak and trough 
loads is shown in Fig. 2.13» The consumption during the 
season shifts from Medinah to Mecca in parts of the dura­
tion. The daily load variation in Mecca during the Eaj j sea­
son of 197^  is shown in Fig. 2.14. Peaking during the sea­
son is illustrated by Fig. 2.15, which shows the annual load 
variation in Mecca. 
2.9. Power Demand 
The solid line in Fig. 2.16 shows the minimum total 
expected demand. The sudden rise in the period between 1976 
and 1978 is due to the plan of introducing electrical power 
to several small localities. This estimated demand does not 
51 
TURBINE PLANT 
^ 44 
DIESEL PLANT 
0 2 10 12 14 14 18 20 22 24 8 4 6 
HOURS 
Fig. 2.9. Daily load variation of turbine and diesel plants, 
Jeddah 
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Fig. 2.10. Overall daily load variation in Jeddab, includ­
ing dual-purpose desalting plant 
11,000 
10,000 
9000 
s 8000 
cm 
LU 
g 7000 
6000 
5000 
4000 
FEB. 3, 1975 MARCH 29, 1975 
I I I I I I I I I I I I I 
1 2 3 4 5 6 7 8. 9 10 11 12 13 14 5 16 17 18 19 20 21 22 23 24 
TIME, hours 
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Fig. 2.16. Mininrum power demand in Saudi Arabia (1974-198^ ) 
(dotted line is extrapolated from present trends) 
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reflect the effects of reducing the price of electrical 
energy for both the residential and the industrial consumer 
sectors. Current reduced rates are expected to cause a 
temporary fast increase in demand. This is shown by the 
dotted line in Fig. 2.16. Unless a vast increase in in­
dustrialization takes place, the demand is expected to 
reach some level of concentration around the year 1984 and 
start to assume a lower rate of increase. This demand pat­
tern would underestimate the actual demand if a large power 
grid is established, especially if electricity is made 
available to all communities. However, a nationwide grid 
may not be feasible in the near future due to the small size 
and scatter of communities and due to the rather small power 
consumption. 
The per capita rates of electric energy consumption in 
the main cities on the West Coast have been calculated for 
the year 1970 and have been estimated for the year 1991 (13) • 
Viewing the present consumption rate in these cities, present 
values of per capita consumption rates are evaluated and 
listed in Table 2.1^ . Earlier projections for 1991 seem to 
underestimate the demand in that year. However, this pro­
jection is assumed to reflect the expected minimum demand 
and is used to predict the power requirements in 1991 vâiich 
include general consumption by industrial activities that 
are not included in per capita allocations. 
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Table 2.1^ . Past, present, and expected future power demand 
in major West Coast cities 
Minimum Power 
Per Capita Rate of Energy Demand (MW ) 
Consun^ tion (kWh/yr) 
1991 (excluding 
1970 1975 1991 industrial 
City (actual) (calculated) (projected) activities) 
Jeddah 1018 1039 3500 1150 
Mecca 350 63  ^ 1080 400 
Medinah 190 W3 687 215 
Tayif 326 506 862 105 
Tabuk 96 15  ^ 290 80 
Yenbu 110 116 198 25 
The industrial demand actually differs from one place 
to another, since not all areas are suitable for industrial 
expansion. The location of Jeddah and the newly developed 
city of Jubail is'strategic for industrial and international 
business activities and, hence, the electric power demand is 
expected to increase in these two cities at a rate much 
larger than for any other localities. Figure 2.17 shows the 
rate of growth of electric power generation in Jeddah and 
the expected increase in the future. Present industrial 
demand is given in Table 2.15» 
The cities of Mecca and Medinah also are important 
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Fig. 2.17. Expected electrical power demand, Jeddah, Saudi Arabia 
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Table 2.15» Industrial electric power demand in Jeddab 
(1976-77) ® 
Steel Mills 16 
Low Tension Cables h 
Chemical 2 
Other Small Industries 20 
Total k2 
areas where growth in demand is expected to be at a high 
rate. There is usually a high demand one month out of the 
year which is the month of pilgrimage (Hajj) of Muslims. 
The number of yearly pilgrims is growing and is currently 
around 2 million persons from different countries including 
Saudi Arabia. Figure 2.18 shows the expected demand in 
Mecca. The demand in Medinah is shown in Pig. 2.19. Tayif 
is also an important city on the West Coast. The demand 
curve is given for this city in Fig. 2.20. 
2.10. Projected Desalted Water and 
Associated Power Capacities 
The Saline Water Conversion Corporation (SWCC) in 
Saudi Arabia is planning to construct 26 plants that are 
expected to operate during the nexrb ten years (21). A list 
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Pig. 2.18. Expected electrical power demand in Mecca, Saudi Arabia, based 
on average increase in demand prior to 197? (demand after the 
year 1979 is extrapolated by the dotted line) 
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Fig. 2.19. Power demand in Medinah, Saudi Arabia 
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of these plants is given in Table 2.16. All of the plants 
considered by the SWCC for the next decade use the MSF process 
for desalination except Eharj, which will be a reverse osmosis 
experimental station. Only seven of the projected plants 
will be single-purpose. By the end of 1980 the total water 
production will be 1.9 million m^ /d (502 MG/d), idiich repre­
sents an increase of about 39 times the present capacity in 
Saudi Arabia (22). The desalted water capacity in this case 
will be more than the total worldwide capacity of converted 
water (23)• The total electrical power capacity produced by 
the 19 dual-purpose plants will be 5*74-5 GW^ , about eight 
times the rated capacity of all power plants which were in 
operation in 1972. Most of the plants will use heavy oil 
except for those located on the Eastern Coastline which will 
use natural gas. The locations of the plants are shown in 
Fig. 2.21. The near future trend for expansion in desalted 
water production is shown in Pig. 2.22. While modest in­
creases in capacity are planned for the early seventies, 
large incremental increases will take place in the next five 
years. Actually, earlier plans were less ambitious (l4). 
Nevertheless, revised plans called for acceleration of the 
projects and increases in capacity. The allocated budget 
for the expansion over the next four years is 13 billion 
U.S. dollars (22). 
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Table 2.16. Projected desalination plants (1975-1985) 
Canacity 
Plant 
Water 
1000 m^ /d MG/d 
Electric 
Power 0 
Operation 
Date 
Duba II 0.^ 54 0.12 ^ 1977 
Duba III 18.927 5 50 1979 
Farasan I 0.227 0.06 — —  1979 
Haql I 0.^ 5^  0.12 — — 1977 
Haql II 5.678 1.5 15 1979 
Jeddah II 37.854 10 80 1977 
Jeddaii III 75.708 20 200 1980 
Jeddah IV 189.271 
_50  500 1983 
Jubail I 9.464 2.5 25 1977 
Jubail II, III 757.08 200 2000 1982 
A1 Khafji II, III 189.27 50 500 1983 
Kharj 0.568 0.15 —  —  1980 
A1 Khobar II 189.271 50 500 1980 
A1 Khobar III 151.417 40 400 1982 
A1 Leeth I 0.454 0.12 — 1979 
Medinah I, II 378.54 100 1000 1984 
A1 Qunfuda 3.785 1 10 1980 
Rabigh I 0.908 0.24 — —  1977 
Umm Lajj II 5.678 1.5 15 1982 
Uquair I 94.6353 25 250 1983 
A1 Wajh II 0.454 0.12 —  —  1977 
A1 Wajh III 56.781 15 150 1983 
Yenbu I 18.927 5 50 1979 
(19 standby) 
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HAQL 1.62 MG/d 
15MW 
AL KHAFJI 50.12 MG/d 
500 KM 
DUBA 5.18 MG/d 50 MW 
JUBAIL 207.5 MG/d 
2000 MW AL WAJH 15.18 MG/d 
150 MW AL KHOBAR 97.5 MG/d 
900 MW 
^ UQUAIR 
OJsSlG/d 
tm LAJJ 1.72 MG/d 
15 MW 
*MEDINAH MUNAWARAH 
100 MG/d 1000 MW 
YENBU 5 MG/d 50 MW 
RABIGH 0.24 MG/d SAUDI ARABIA 
85 MG/d 
850 MW 
EDDAH 
AL LEETH 0.12 MG/d 
AL QUNFUDA IMG/d 
lOMW 
FARASAN 0.06 MG/d 
GULF OF ADEN 
BABEL MENDEB STRAITS 
Fig. 2.21. Projected water desalination and power produc­
tion in Saudi Arabia 
68 
500 
550 
500 
450 
400 
350 
300 
250 
200 
150 
100 
50 
0 I [•„ 
mmm 
1969 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 
YEAR 
Fig. 2.22. Trend of increase in the capacity of desalina­
tion (shaded area represents incremental in­
crease) 
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2.11. Management and Manpower 
Conam Services, Inc. has proposed a management scheme 
for desalination projects in Saudi Arabia. This scheme is 
reviewed here with emphasis on maintenance and operation. 
Figure 2.23 shows the basic organization chart, -vdiich is 
based on separation of technical and administration activ­
ities. Also, supervision of wells and associated projects 
is separated from the supervision of the desalination 
projects. The desalination projects on the West Coast are 
directed by a general manager in Jeddah and the Bast Coast 
projects are directed by management located in Al-Khobar. 
The proposed organization chart for management and technical 
affairs of the plants on the West Coast is shown in Fig. 
2.2^ . The numbers enclosed between parentheses are the 
total number of employees in each block followed by the 
number of technical people involved. Actually, the opera­
tion and maintenance of desalting plants depends on the 
type and size of facility and the degree of dependence of 
other industries on the plant. 
One of the major problems that poses great difficulties 
in plants involving technical and labor pools is the language 
differences (2^ , 25)• The difficulties arise during con­
struction and startup due to differences between languages 
used on local, technical, contracting, drawings, and in­
struction levels. Difficulties may persist during stages of 
ALWAJH DUBA JEDDAH UMM LUJJ 
TRAINING 
AL KHOBAR AL KHAFJI BLENDING 
PERSONNEL 
KASHM EL AM WATER WELLS 
PROCUREMENT 
CONTROLLER 
ADMINISTRATION 
TECHNICAL ADVISOR 
DIRECTOR 
DESALINATION 
PROJECTS 
DIRECTOR 
WATER WORKS 
MANAGING DIRECTOR 
GENERAL MANAGER 
WEST COAST 
GENERAL MANAGER 
EAST COAST 
Fig. 2.23» Basic organization chart 
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Fig. 2»2h. West C!oast organization chart 
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operation and maintenance if the organization involves multi­
lingual personnel. Table 2.17 illustrates the variety of 
national tongues involved in the Jeddah installation. 
2.12. Future Developments 
Future plans include utilization of brackish water by 
the application of improved technology ( 5) • The plant at 
Kharj will be a reverse osmosis experimental station. Grad­
ual training of manpower, especially technicians and utility 
engineers, would allow the introduction of new technologies 
at reasonable cost. The concentration of high demand for 
desalted water in the Arabian Peninsula and other Middle 
East countries provides the area with a great potential for 
the development of desalting technology and for testing of 
novel techniques. The abundance of natural and financial 
resources other than potable or irrigation water in Saudi 
Arabia makes it the logical place for applying advanced 
technologies. 
Large scale desalting plants currently consist of using 
combinations of a basic unit size of 20,000 m^ /d (5«28 MG/d) 
•which is provided by the existing technology. The demand for 
extremely large-scale desalting facilities has resulted in 
the initiation of a program to scale up the existing tech­
nology to design and construct 2^ 0^,000 m^ /d (66 MG/d) sin­
gle units. Large dual-purpose power and water desalting 
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Table 2.17. Various languages involved in the Jeddah 
desalination plant 
Official 
Language 
•Technical or 
Second Language 
General 
Contractor 
Boiler 
Manufacturer 
Turbine 
Manufacturer 
Distillation 
Plant 
Manufacturer 
Management 
Arabic 
English 
Dutch 
Japanese 
German 
English 
Arabic/ 
English 
plants to be built in the early 1980's are expected to com­
prise four or more of such large size single units. Other 
present research and development activities are devoted to 
studies related to towing Antarctic icebergs of manageable 
sizes to the West Coast as a source of fresh water and for 
weather modification purposes. 
The oil reserves are limited and are expected to last 
for only 4-0 years at the present projected production rates 
(26). Considering a plant lifetime of 30 years, availability 
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of oil and natural gas as fuel for desalination is limited 
to plants that are to be constructed throughout the next 
ten years. In addition, fossil-fuel reserves are generally 
exhaustible and, hence, a strict conservation policy may be 
necessary for a lasting healthy economy. The use of ad­
vanced energy sources such as nuclear, solar, and geothermal 
energy, in electric power production and "water desalination 
can greatly help in satisfying this goal by diversifying the 
base of economy. Moreover, advanced energy technology can 
be used in developing industries ^ Aien they are compatible 
with the environment and resources of the country. Develop­
ment of such industries would not be possible without these 
advanced energy sources. Future plans include a program for 
harnessing solar energy for domestic needs. A new indus­
trial development will be built in the vicinity of Jubail 
as an experimental model for a community that draws all its 
energy from the sun (27). Also an active development program 
is underway to construct common electric grids for neighbor­
ing cities as shown in Fig. 2.25» This is done as a first 
step towards developing a national grid (28). As electric 
power demand increases and the construction of national grids 
becomes feasible, it will become possible to build large 
producing plants with high availability factors and better 
fuel use than current systems. 
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Fig. 2.2^ . Main centers of electrical generation and possible interconnections 
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3. mCLEAR DESALIMTIOK: M APPRAISAL 
3.1. Introduction 
A preliminary appraisal is made here of the potential 
for using nuclear energy in the Kingdom of Saudi Arabia in 
desalination, in production of electric power, and in other 
applications. A map of the country is shown in Fig. 1.1. 
Present practices and forecasts of water and electric power 
demand have been evaluated in earlier studies (l4, 15, 29), 
as well as in Chapter 2. Water and electric power genera­
tion were only considered for municipal and industrial use. 
Desalting application to commercial agriculture was not em­
phasized. Based on those studies nuclear energy is here put 
in the perspective of the energy picture of the Kingdom. 
The analysis of the situation in this case greatly differs 
from evaluations of the nuclear energy option for other de­
veloping countries idierein finance, human capital, or both 
are not available (30, 3I). Also, in many of the developing 
countries, water is needed for expansion in agricultural pro­
duction rather than for sustaining the life of the people, 
which is the case in Saudi Arabia and the Arabian Gulf 
countries. 
Economic and technological evaluation of the feasibility 
of using nuclear energy for desalination and electric power 
generation in Saudi Arabia represents a challenging engineer­
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ing problem lAiicb involves a conrolexity of stringent con­
straints, high demand, and lenient developmental environ­
ments. Some of the overall factors "ràiich need special con­
sideration include: 
(a) the inhomogeneity in the socioeconomic structure, 
(b) the unique population distribution, 
(c) the abundant but dispersed variety of natural 
resources, 
(d) the localized water resources, 
(e) the water scarcity in regions of great potential 
for agricultural and marine expansion, 
(f) the abundant but yet unezploited manpower in the 
region, 
(g) the oil-intensive economy, 
(h) the large differential between the cash flow rate 
and the level of progress in development, 
(i) the government control of water and electric power 
production, and 
(j) the peculiar strategic location. 
Taking some of these factors into consideration, the prospects 
of nuclear desalination in Saudi Arabia are discussed. Care­
ful screening of present day and future types of nuclear re­
actors is conducted to select a system compatible with the 
region. 
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3.2. Present Energy Resources 
"^ .2.1. Oil and natural gas 
Although the use of oil and natural gas in desalination 
in oil-rich countries seems to be an attractive option, there 
are many factors which provide the incentive to examine the 
use of nuclear energy. This is especially true in the long-
term planning associated with the rising water demand which 
is expected to reach a high level "by the turn of the century. 
Economically, the uncertainty in oil routes and markets, the 
opportunity cost of oil, and its limited reserves calls for 
diversifying the base of economy in these countries. 
Processing of oil and natural gas and transmission to areas 
of largest water demand would result in a lower opportunity 
cost than that obtained in energy markets. In the Kingdom 
of Saudi Arabia, estimated oil reserves are around 14-6 bil­
lion barrels. The natural gas comes to the surface with the 
oil and is presently flared at a rate in excess of 60 million 
m^ /day (2 x 10^  f t^ /day). Oil sources have been intensively 
exploited, and the expanding petroleum industry provides more 
than 8^  ^of the nation's income. However, oil reserves are 
limited and are expected to last for only years at the 
present projected production rates (26). Consequently, avail­
ability of oil and natural gas as fuel for desalination is 
limited to plants which are to be constructed throughout the 
next ten years. Moreover, oil is a more valuable asset to 
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"burn if alternative energy resources are available. There 
is a great need in Saudi Arabia as well as in other countries 
for petrochemical products which are extensively used in all 
modern commodities. In addition, as a fuel, oil has no im­
mediate replacement in private and most forms of public and 
international transportation systems. Consequently, utili­
zation of oil in power stations and water conversion plants 
cannot be a long-term solution. Conservation measures are 
also necessary to control natural gas consumption and pro­
duction. Strategies for conservation include liquefaction 
and reinjection in storage systems. A cost/benefit anal­
ysis of alternative uses of oil and natural gas shows that 
utilization of oil in petrochemical industries and lique­
faction of natural gas have a high return compared to con­
sumption of these resources in situ as fuel. 
Fried and Edlund have carried out an intensive economic 
and technological study of desalination in the Middle East 
with primary enphasis on Egypt (31). The case of Saudi 
Arabia has been only qualitatively considered in their work. 
They concluded that use of oil or gas would result in a lower 
water cost than if nuclear energy were to be used for de­
salting. Their conclusion was based on valuing oil or gas 
at marginal cost. They quoted a fuel price of 2-5#/GJ 
(MBut) in Egypt and expected almost a zero cost in Saudi 
Arabia. Obviously, this is not the case since all oil fields 
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are located at the East Coast (Fig. 1.1). The fuel trans­
mission and production cost is rather high, especially on 
the West Coast (Red Sea), where a large fraction of the pop­
ulation lives and where much of the industrial expansion is 
projected. A second point has been also raised in v^ ch 
nuclear energy is restricted to production of huge blocks 
of power. Consequently, it has been confirmed that nuclear 
energy would not be suitable for dual-purpose plants in an 
area of low power demand (31) • However, this is not basi­
cally true, and it remains a challenge to design a rather 
low cost, small size, nuclear power plant (32). In addition, 
recent studies have shown that when several small plants are 
built simultaneously, the plant costs can be of the same 
order as the costs for a large plant (33)* Economic evalu­
ation of desalination processes using oil and gas as an 
energy source is considered in Section 3*3, based on real­
istic fuel cost. 
.^2.2. Solar energy 
The use of the abundant solar energy which totals more 
than 10^  ^MJ/yr (10^  ^MBtu/yr) in the region is an alterna­
tive which needs to be considered seriously. However, the 
economical feasibility of using this form of energy by con­
ventional means in the production of sizable amounts of 
water has not yet been demonstrated. Nevertheless, the 
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heliohydroelectric process, which is based on transforming 
solar energy into electrical energy via hydraulic energy 
(26), should be given great attention. This process is es­
sentially suitable for power production and desalination 
both on the Eastern Coast of Saudi Arabia and in the 
Arabian (Persian) Gulf countries. 
Desalination by conventional distillation using solar 
energy is found to be uneconomical in meeting the large de­
mand. This is due to the very low rate of water production 
per unit of irradiated surface (18, 3^ )- Nevertheless, 
Ketani (in 26) has shown the economical feasibility of 
heliohydroelectric generation on the East Coast, provided 
the process is realized as a part of an agro-industrial com­
plex which includes desalination capability. The economic 
attractiveness of the project is based on net cash flow 
after full operation of the total couplez, which includes 
a multitude of operations. 
1^ 2.1. Thermal power 
A century old idea has been recently revived to mine 
the ocean for heat by means of a heat engine that operates 
between the warm upper layer and the cold deep water of the 
tropical oceans (340. This principle has been conceptual­
ized into several designs of thermal plants to be operated 
offshore in deep waters (35, 36). The solar energy stored 
in the large bodies of waters can then be harnessed by 
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utilizing the temperature differential between their upper 
and lower levels in production of electricity. In this 
case, the ocean acts as the solar collector, and hence the 
basic problems of using man-made collectors can be elim­
inated. As solar sea power is used, the sun rapidly re­
stores to the upper layer the heat transferred to the cold 
deep water. 
Thermal power plants can be used in the Indian Ocean 
or the Red Sea. Appropriate conditions of depth and tem­
perature gradients do exist in the vicinity of Jeddah. The 
generated electricity in this case could be transmitted to 
desalination plants inland. The merits of thermal power 
over conventional solar systems include amelioration of 
thermal pollution and lower cost. Both methods of solar 
energy utilization have very low efficiency and are expected 
to have low availability factors and low reliability. Main­
tenance will also present a major problem in using thermal • 
plants or large solar systems. Operating thermal plants in 
the Red Sea may become a potential hazard for navigation in 
the region. In addition, direct use of solar heat from 
thermal plants for desalination seems to be impractical due 
to the low heat flux and the long distance between the 
centers of use and generation. 
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1.2.4^  Comparison between alternatives 
A coirç)arative analysis of the different avenues for 
utilizing available energy resources in the region for de­
salination and power production and of the use of the al­
ternate route of nuclear fuel needs to be carried out. 
Conçarison between a natural gas plant, an oil-fired plant, 
a nuclear plant, a solar plant, and a heliohydroelectric 
plant is necessary. The screening of these alternate routes 
can be based on economic evaluation of each plant, the dif­
ferential between the demand for water and the demand for 
electricity, siting constraints, safety factors, environ­
mental effects, maintenance requirements, reliability, 
availability of transportation, transmission problems, 
regional considerations, and potential industrial and 
agricultural activities which can be sustained by the 
projected production of water and power. 
3.3. Economic Consideration 
3.1.1. Comparison of different desalination processes 
Abdul-Fattah (37) conducted a study on the cost of water 
production using different desalination processes, namely, 
(1) multistage flash evaporation (MSF), 
(2) reverse osmosis (RO) , 
(3) electrodialyses (ED), 
(4) a combination of vapor compression distillation 
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(VC) and vacuum freeze (VF) (VF-VC), and 
(5^ ) a combination of vertical tube evaporation (VTE), 
MSF, and VC (VC-VTE-MSF). 
To provide a base for comparison of natural gas and oil 
with nuclear plants, the present operating desalting plant 
location in Jeddah is selected as a possible site. The data 
given in Table 2.5 for Jeddah I are used. In addition, some 
cost parameters have been arbitrarily assumed although they 
are not the same as the actual values used vSien the plant 
was constructed. Table 3.1 gives a list of the values 
adapted in the calculation. Cost estimate procedures are 
those prescribed by the Office of Saline Water, USA (38). 
Calculations have been done only for single-purpose desali­
nation plants. Although the current RO and ED processes are 
primarily used for brackish water, they are considered for 
possible auxiliary desalination units to meet the demand by 
desalinating underground water in the area. 
The water cost in cents per cubic meter (cents per 1000 
gallons) is plotted versus salinity in Fig. 3*1' Dotted 
lines are used to indicate ranges of salinity where a given 
process has not been used in current applications. Electro-
dialysis (ED) and RO have high competitiveness for conversion 
of low salinity water. Extrapolation of ED costs for high 
salinity on the basis of present technology results in a 
very high cost per cubic meter (1000 gallons). The 
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Table 3.1* Data used in cost analysis 
Building Cost Index 
labor Cost Index 
Land Cost Index 
Cost of Fuel 
Interest Rate 
Amortization Factor 
Plant Life 
Net Evaporation of Red Sea 
Water/Year 
Load Factor 
Electric Power Cost 
825 
$3.21 
$^ ,9^ 2/liectare ($2000/acre) 
3.8 mills/MJ (40(f/MBtu) 
4-7/8# 
$0.06^ 1/yr "based on 30-year 
plant life 
30 years 
1.295 m (51 in) 
90^  
2^ /kWb 
VC-VTE-MSF process can compete with the MSF and T/F-VC 
processes. However, implementation of the VC-VTE-MSF 
process depends on a triple technology which is relatively 
new. Both the MSF and VF-VC processes render the same cost 
for salinities up to 16,000 ppm. For higher salinities, 
the MSF process is less ez^ )ensive. On the other hand, the 
VF-VC process has not been demonstrated on large-scale 
operation. 
The cost of water as a function of plant capacity is 
given in Fig. 3*2 for salinity of 4-3,000 ppm. The costs 
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Fig. 3.1. Water cost versus salinity 
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413.21 
Fig. 3»2. Conçarison of different desalination processes for 
different plant capacities, salinity 43,000 ppm 
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per unit water production sharply decreases at first with 
increase in capacity, and then the cost assumes almost a 
constant trend. Although the VC-YTE-MSF is the least ex­
pensive, the MSF process may he more-favored at the present 
time for the reasons given above. The cost of water from a 
18,927 m^ /day (5 MGD) single-purpose MSF plant is more than 
twice the cost of that from the 18,927 m^ /day (5 MGD) 50 MW^  
plant in Jeddah. In a different set of calculations, the 
water cost was evaluated for single-purpose fossil-fueled 
MSF plants and for a 6^  fixed charge rate and an amortiza­
tion factor $0.0727/yr. The results are given in Table 3'2. 
A high cost of water is expected in both cases for single-
purpose plants vis-a-vis dual-purpose plants. Nevertheless, 
the economic cost calculations used here are not exactly 
applicable in the case of governmental projects and sub­
sidies in Saudi Arabia. 
Considering the use of natural gas as fuel, a similar 
comparison has been carried out between the processes listed 
above (26). In addition, two other processes have been con­
sidered, namely, 7TE-MSF and direct contact freezing (DC 
freezing) using normal butane. The net present value (1ÎP7) 
method has been used in the cost analysis. The salinity con­
sidered in the study was 35,000 ppm, which is much lower 
than the salinity of the Red Sea and the Arabian Gulf waters. 
Only two plant sizes have been considered: 37,85^  m^ /day 
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Table 3.2. Single-purpose fossil plants 
Plant Capacity Water Cost, 
MGD 1000 m^ /day 0/1000 gal (2/liter 
5 18.9 124.44 32.87 
10 37.9 107.81 28.48 
20 75.7 97.41 25.73 
30 113.7 88.79 23.46 
4-0 151.4 85.08 22.48 
50 189.3 82.94 21.91 
Fixed charge rate 6^  
Amortization factor $0.0727/$/year 
Process; MSF 
(10 MGD) and l89;2?l mVday (50 MGD). Desalination has been 
studied in comparison with various industrial operations, in­
cluding liquefaction of the natural gas (LUG) for sale in 
the energy market. The combination of multistage flash evap­
oration and vertical tube evaporation (MSF-VTE) desalting 
processes is found to give the highest net present value for 
all discount rates up to about 30^  conçared to other desalt­
ing processes. The water cost, excluding capital recovery, 
is found to be 9.25(z^ /m^  (3^ /^1000 gal) for a 37,8^ 4 mVday 
(10 MGD) single-purpose plant, assuming that the cost of the 
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gas used to produce steam is 22^ /GJ (23^ /MBtu). This is in 
comparison to opportunity costs from LNG operation of 25{^ /GJ 
(260/MBtu) for a discount rate of 8^  and (iS^ MBtu) 
for a discount rate of 12^ . 
1.1.2. Comparison between energy sources 
Two basic differences between fossil-and fissile-fueled 
plants prevail in calculating the cost of unit product. 
First, the capital cost of fossil-fired plants is lower than 
that of fissile-fueled plants; however, the operating cost is 
higher. The second difference is in the fuel cycle cost, 
which is not greatly affected by the nuclear plant location 
while the transportation of fuel is a large part of the fos­
sil-fuel cost. In addition to competitiveness in unit cost, 
there are many factors which need to be considered in com­
paring fossil and fissile energy sources, some of which may 
have a long-term impact on the economy of water and power 
utility industries. These will be discussed in Section 
By using data typical of Jeddah I and the data given in 
Table 3.3, a cost estimate is carried out for dual-purpose 
plants utilizing light water reactors, gas-cooled reactors, 
low pressure fossil-fueled boiler, and high pressure fossil-
fueled boiler. The results are given in Table 3-^ * For 
fissile-fueled plants costs are calculated using IAEA Guide 
(39)' The cost of water from fossil-fired plants is higher 
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Table 3»3» Cost parameters for dual-purpose fossil- and 
fissile-fueled plants 
Plant Life 30 years 
Fixed Fuel Cost 
Fossil Fuel Cost 380/GJ (ifO^ /MBtu) 
Electrical Energy Cost 2{2f/kWh 
Exhaust Temperature 121 °C (250 °F) 
Power-to-Water Production 
Ratio 0.003 my (m^ /day) (10 MW^ MGD) 
than the actual cost of water from Jeddah I ; however, the 
cost of electric energy is lower. Nevertheless, water costs 
from fossil plants are yet less than are being estimated for 
the USA (31). The competitiveness of nuclear energy is 
significant for large size plants ; however, water can be 
delivered from small size nuclear plants more cheaply than 
from fossil plants of the same size. 
Catalytic Construction Company and Nuclear Utility 
Services (40) conducted an economic cougarative study of 
dual-purpose plants within the range of 200-1500 MWj. for 
various power credits and different fixed charge rates. 
They considered two types of reactors: low temperature 
(such as BWR and PWR) and high temperature (such as HTGR). 
Comparison is made with low temperature and high ten^ erature 
Table 3«^ « Comparison of cost of unit water and unit energy from fossil- and fissile 
fueled dual-purpose plants 
oWater Power W^ater Cost Energy Cost W^ater Cost Energy Cost 
mVday (MOD) i^/lOOO gal) mills/kWh </i/iP i^/lOOO gal) mills/kWh 
Fissile -Fueled 
Plant Capacity Light Water Reactors Gas Cooled Reactors 
18,929 (9) 90 18.44 (69.78) 9.9 18. (69.78) 9 
37,850 (10) 100 14.67 (99.93) 4.9 19.97 (98.94) 4.4 
75,700 (20) 200 12.99 (47.91) 3.67 13.40 (90.73) 4 
113,990 (30) 300 12.10 (49.8) 3.33 12.91 (47.33) 3.72 
191,400 (40) 400 11.46 (43.37) 3.2 11.84 (44.8) 3.33 
189,290 (90) 900 10.11 (38.27) 3 10.94 (41.39) 3.22 
Fossil-Fueled 
Low Pressure Boiler High Pressure Boiler 
18,929 (9) 90 20.90 (79.11) 8.2 20.49 (77.99) 12 
37,890 (10) 100 17.73 (67.11) 7 16.90 (62.44) 8.96 
79,700 (20) 200 19.77 (99.67) 6.2 14.74 (99.78) 7 
113,590 (30) 300 19.29 (97.86) 9.7 14.39 (94.46) 6.7 
191,400 (40) 400 14,98 (99.17) 9.6 13.38 (90.63) 6.4 
189,290 (90) 900 13,92 (92.67) 9.9 12.89 (48.8) 6 
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natural gas fired "boilers. Results for different fixed 
charge rates and thermal power capacities are given in Table 
3»5* For the low fixed charge rate and high power^  both 
types of reactors produced water at lower cost than low and 
high temperature natural gas boilers. Low temperature re­
actors are competitive for high fixed charge rates at inter­
mediate power. Water from reactors is more expensive for 
small power outputs. This is actually obvious because of 
the power credit. In general, high ten^ erature reactors 
produce water at higher cost than low tei[Ç)erature reactors. 
The same situation appears in the case of low and high 
temperature boilers. These results are actually based on 
current designs and are likely to change if improved eco­
nomic small power reactors are designed. Moreover, in 
areas of low power demand and high water demand, electricity 
may be sold at higher prices than the actual cost to subsi­
dize water cost, and consequently water sale price may be 
lowered. The range of water production is 56.78-567.8 
thousand m^ /day ( 15-150 MŒD). 
The energy component of water cost, E is 
8.3^  H-, 
— 5^ /1000 gal (3.1) 
2.09 Hp (3.2) 
•ràiere is the cost in (z^ /MBtu, Eg is the cost in and 
Table 3'^ » Comparative cost of water for natural gas and uranium-fueled plants (196^ ) 
Water Cost 
Natural Gas Uranium 
Charge Power High Temperature Low Temperature High Temperature Low Temperature 
Rate,^  MW^  ' 0/m^  (j^ /lOOO gal) ^ /m^  ((^ /lOOO gal) c/m^  ({^ /lOOO gal) (zî/m^  ((zJ/100 gal) 
4 200 9.6 (36.5) 9.2 (34.9) 10.4 (39.2) 11.6 (43.8) 
7 200 12 12 (45.4) 14.6 (55.3) 16.9 (64) 
Ik 200 16 (60.5) 16.2 (61.3) 25.5 (96.4) 33 (125) 
k 600 8.1 (30.7) 7.3 (27.5) 6 (22.7) 6.2 (23.3) 
7 600 9.9 (37.4) 9 (34) 8.6 (32.7) 9.1 (34.4) 
ih 600 13.3 (50.3) 12 .7  (48) 15.6 (58.9) 17.4 (65.8) 
h 1000 8A (31.9) 8.5 (32) 5.3 (20.2) 6.3 (23.8) 
7 1000 10.3 (39.1) 9.2 (34.9) 7.6 (28.9) 8 (30.3) 
14- 1000 13A (50.6) 12 (45.5) 13.8 (52.1) 15.5 (58.6) 
If00 8.^  (32) 8.4 (31.8) 5.2 (19.7) 6 (22.8) 
7 1^ 00 9.9 (37.3) 9.7 (36.6) 7 (26.5) 8.2 (31.2) 
Ih 1^ 00 13.7 (51.7) 12.2 (46.3) 12.6 (47.8) 14.2 (53.6) 
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R is the performance ratio (31)• The performance ratio is 
13 in the Oak Ridge National Laboratory reference design 
(4-1). Fried and Edlund found an optimum value of R in the 
range between 7.6 and 9» 8 ^ ich yields a mini mum water cost 
(31). For Jeddah the Buncker C oil (Grade 3), cost is in 
the range 33-37.9?^ /GJ (35-4O0/MBtu) • If we assume this is 
the cost of energy delivered to the evaporator then Eqs. 3.I 
and 3.2 give E = 10.14—11.6(z^ /m^  (38.4-43.9^ /1000 gal), which 
is a substantial component of the water cost. This may be 
compared to results obtained by Fried and Edlund based on 
cost of energy delivered to the evaporator of ^ .69-9.^ 80/(1 J 
(6-10{zJ/MBtu) in the case of Egypt. Their result gives E = 
1.74—(6.6-8.50/1000 gal). The actual cost of energy 
in Egypt is at least 85.3-123 •330/GJ (90-130{Z?/MBtu) since 
the delivery charge is high and since the oil or gas for that 
matter cannot be burnt in situ due to the fact that Egypt is 
a fossil fuel-poor country, contrary to the assumption cited 
in Reference 31» This assumption and the results based on 
it have led to the conclusion that fossil-fueled plants are 
more conçetitive in desalination compared to nuclear power 
plants. Nevertheless, the same studies show that nuclear 
energy becomes competitive with energy from oil when the 
price of crude oil reaches 1.38#/liter ($2.2/barrel) (3I). 
Present prices of oil delivered to the Jeddah plant are in 
the range of 1.19-1.55{^ /liter (4-. 51-5*87jz^ /gal) . Export oil 
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prices have already reached five times the cost at "Viâiich 
nuclear energy becomes economical. The sale of oil in the 
energy market instead of burning it in local plants would 
provide the large foreign exchange costs necessary for 
nuclear fuel supply. This has been estimated as $30 million 
per year for a desalting production of a 3.79 x 10^  m^ /day 
(10^  MGD). 
3*4^  Nuclear Desalination and Power Production 
1.4.1. Overview 
Most of the studies conducted on desalination and power 
generation in Saudi Arabia tend to rule out nuclear energy 
on the basis of equalitative argument. The first reason 
given is that nuclear plants are large in size and are there­
fore impractical in areas of poor power demand (l4, 15, 29, 
30). This is true if we only consider the new generation of 
nuclear plants in the USA i^ ich have capacities ranging from 
1200 to 1300 MWg. Also, the present trend is towards nu­
clear units with a rating of 5000 MW^ . However, a reactor 
with a rating of 1000 is near the lower end of economi­
cally acceptable reactors at the present time. When a MSF 
distillation unit is coupled to a back-pressure turbine, this 
small size reactor can provide 150 and 378,54-2 mVday 
(100 MGD) of fresh water (32). 
A review of the number of nuclear power plants ^ ich 
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are operable, under construction, and on order (4-2) shows 
that most of the operating reactors have capacities below 
450 MWg. Table 3*6 gives the number of units, types, and 
status of nuclear power plants with capacities over 1^ 0 MW^ . 
The total number of units is 4-90 as of February, 1977. 
Nineteen percent of these operate at rated capacity between 
150 and 4-50 MWg. Most of the large capacity power plants 
are under construction or on order for highly industrialized 
areas. 
Quarrington (32) estimates 5-5 mills/kWh and 10.57ç^ /m^  
(4-00/1000 gal) at 1% charge rate if 1^ 0 MW^ /378,54-1 m^ /day 
(100 MGD) plant were operated in the Middle East. The 
electricity cost may go down to 4- mills/kWh if a 750 MW^  
CAKDU power station is used. Actually, development of eco­
nomically attractive very small reactors is necessary for 
many parts of the world, and the market for them is wide 
open. Mayer (33) showed also that when several small plants 
are built simultaneously, the plant costs can be of the same 
order of magnitude as the costs for a large plant. Conse­
quently, three plants can be build in Jeddah, for example, 
to supply the projected demand of 850 
The second point raised against use of nuclear energy 
in Saudi Arabia is the huge capital investment (26). In 
Saudi Arabia, this objection is not valid since neither 
capital nor foreign exchange scarcity are basic development 
97 
Table 3*6. Range of world capacities of nuclear power plant 
operable, under construction, and on order 
Operable Under Construction On Order 
Size Range Type^  Number Type^  Number Type^  Number 
(MW ) of of of 
® Units Units Units 
150-250 PHWR 2 PHWR 5 
LWCHR 1 
GCR 11 
EMFBR 1 
BWR 
PWR 
LGR 
256-350 LMFBR 1 LMFBR 1 THTR 1 
EEWR 1 LMFBR 2 
PWR 5 
BWR 3 
LMF3R 1 
GCHWR 1 
GCR 6 
365-^ 50 PWR 13 PWR 1^  BWR 1 
BWR 3 
GCR 1 PWR 8 
Abbreviations are as listed below: 
AGR: advanced gas-cooled reactor 
BWR: boiling water reactor 
GCR: gas-cooled reactor 
ETGR: high tençerature, gas-cooled reactor 
LGR: light water-cooled, graphite moderated reactor 
LMFBR: liquid metal fast breeder reactor 
LWCHR: light water-cooled, heavy water moderated reactor 
PHWR: pressurized heavy water moderated and cooled reactor 
PWR: pressurized water reactor 
THTR: thorium high temperature reactor. 
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Table 3«6 (Continued) 
Operable Under Construction On Order 
Size Range Type Number Type Number Type Number 
(MW ) of of of 
® Units Units Units 
PHWR if BWR 1 PHWR 3 
OCR h PWR 3 BLWR 1 
PWR 10 PHWR 1 PWR 1 
BWR 5 BWR 1 
56^-65  ^ PWR 2 PHWR h PWR 1 
BWR 5 PWR 3 
OCR 2 BWR h 
LGR 1 AGR 6 LMFBR 1 
AGR 5 BWR 1 
660-769 BWR 3 BWR 4 PHWR if 
PWR 5 PHWR 2 BWR 3 
PEWR 2 PWR 1 PWR 2 
770-852 PWR 15 PWR 4 PWR 1 
BWR 11 BWR 7 BWR 3 
860-950 PWR 8 PWR 43 PWR 25 
LGR 1 BWR 10 BWR 3 
951-1052 PWR 4 BWR 4 PWR 8 
LGR 3 PWR 1 BWR 7 
LBR 1 LGR if 
1054-1150 PWR 3 PWR 20 BWR 7 
BWR 3 BWR 12 PWR 22 
1153-1250 PWR 1 PWR 18 PWR 12 
BWR 8 BWR 9 
I26O-I3OO BWR 1 PWR 22 
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problems in the foreseen future. The basic problem is, in 
fact, the inadequate opportunity for economic diversifica­
tion. The oil industry has created narrow enclaves of ad­
vanced technology and limited employment (31). The oil in­
come pays mainly for consumption and public services. For 
future economic and social stability, oil benefits need to 
be directed as well to broaden the production base. The 
diversification problem can be met by developing the agri­
culture sector and those industries which are based on 
available resources such as oil and natural gas. Petro­
chemical industries would be the most appropriate to start 
within the development program. Utilization of different 
energy resources and provision of trained manpower for 
energy projects is a basic foundation for expansion. 
1.4.2. Sizes of nuc] Aar -nlmn-hç; 
The development of economically feasible small size 
nuclear plants would encourage the use of nuclear energy 
to produce electricity and water in many locations. This 
is because such plants would provide for enough flexibility 
to match the output and the load demands. The financial 
risk in construction of small plants is much less than the 
risk involved in building large plants. In addition, oper­
ating a small size plant at a level slightly lower than the 
rated power for a short period of time will not greatly 
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affect the economics of the system. This is not the case 
with large plant sizes wherein the underrating could be 
substantial for an elongated period of time. Furthermore, 
the safety of large plants is more critical than that of 
small sized plants due to the difference on the magnitude 
of energy storage. 
Projected capacities 
Considering the state-of-the-art at the present time 
and the projected capacities for the next decade, several 
scenarios can be made to illustrate for the fact that nuclear 
power may be economically introduced at the present demand 
level. Examination of Table 2.16 shows that nine of the 
projected dual-purpose stations will have power capacities 
ranging from 150-2000 The largest capacity of the 
projected plants is 757,080 m^ /day (200 MGD) and 2000 
•vâiich is planned to supplement the Jubail I plant to supply 
the city of Jubail (domestic and industrial sectors) with 
a total of 766,5^  m^ /day (202.5 MGD) and 2025 The 
second largest capacity of the projected plants is 378.5^  
m^ /day (100 MGD) and 1000 which will be constructed in 
order to supply the domestic and industrial sectors in 
Medinah with water and electric power. The sizes of those 
plants are within the economical range of nuclear systems. 
Also, Jeddah IV, A1 Khafji II and III, A1 Khobar II, and 
A1 Khobar III are within the economical range of nuclear 
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systems. In addition, excess water capability is desirable 
for reviewing the agriculture activities in the area. Al­
though nuclear energy is here recommended for future plans 
we may examine the practicality of replacing the plants 
projected for the next decade by nuclear power plants in the 
same site. This scenario is given in Table 3.7. One of the 
plants is actually of intermediate size (A1 Khafji) and can 
be built economically with present day technology and oper­
ated within the projected date. Four of the plants (Jeddah, 
Table 3.7. Scenario-1: For replacing projected dual-
purpose fossil plants with uranium-fueled 
plants in the same site 
Capacity of Substitute 
Nuclear Plant 
Water Power 
Site lOOO m3/ (MGD) m Projected Fossil-Fired 
day 6 Plants 
Jeddah 321.76 (85) 850 Jeddah Phases I, II, 
III, & IV 
Medinah 378.540 (100) 1000 Medinah I & II 
A1 VTajh 57M (15.18) 150 A1 Wajh I, II, & III 
A1 Khobar 369.08 (97.5) 900 A1 Khobar I, II, & III 
Jubail 766.54 (202.5) 2025 Jubail I, II, & III 
A1 Ehafji 189.70 (50.12) 500 A1 Khafji I, II, & III 
Uquair 94.64 (25) 250 Uquair I 
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Medinah, Al Khobar, and Jubail) are of large size, and can 
be built economically. Moreover, the close-by cities are 
assumed to be interconnected with a modest power grid and 
water supply system. This second scenario is shown in 
Table 3»8. We may disregard for the moment the possibilities 
of having large power grids for the vAiole nation. The ca­
pacity of the Eastern region is rather large and probably 
four reactors or more are necessary. Table 3*8 and Fig. 3»3 
show the proposed sites for dual-purpose desalination plants. 
Jeddah and Jubail were selected because Jubail represents 
the main industrial city on the eastern coast, while Jeddah 
represents the main commercial and industrial port on the 
western coast. Both cities are growing at a fast rate, and 
hence the water and power needed for those two regions are 
expected to increase rapidly in the near future. Moreover, 
it is expected that Jeddah will supply Mecca and other small 
cities in between with water and power. Yenbu was selected 
because it represents the second port on the western coast, 
and it is the nearest city on the coast to supply Medinah 
with water and power produced from desalination. Only the 
southwestern region may require a small plant of 10 MW^  
capacity, "vdaich is small enough to make the use of nuclear 
energy an uneconomical option in this region. However, the 
selection of this area as a site for a nuclear desalination 
plant is reasonable because of the various large 
Table 3.8. Scenarlo-2; Replacing projected regional fossil plants by uranium-
fueled plants in a selected site in the region 
Site Region 
Capacity of Substitute 
Nuclear Plant 
"Wter 
1000 mV 
day 
(MGD) 
Power 
MWQ Projected Fossil-Fired Plants 
Yenbu Northern M-86.31 
Western 
(128.46) 1280 Umin lujj II, A1 Wajh I, II, & 
III, Duba I, II, & III, Hagl I 
& II, Yenbu I, and Medinah I 
& II 
Al-Qunfuda Southern 4-. 4? 
Western 
(1.18) 10 A1 Leeth I, Al-Qunfuda I, and 
Farasan I 
Jeddah Middle 322.67 (8^ .2^ ) 8^ 0 Jeddah I through IV, Rabigh I 
Western 
Jubail Eastern 1^ 20.^ 3 (375.27) 367? A1 Khobar I, II, & III, Jubail 
I, II, & III, A1 Khafji I, II, 
& III, Uquair I, and Kharj I 
104 
L KUWAIT 
SUDAN 
JJEDDAH 
AL QUNFUDAH 
ETHEOPIA 
JUBAIL 
GULF OFi 
OMAN 
SAUDI ARABIA 
YEMEN 
Fig. 3»3- Possible locations for dual-purpose nuclear 
desalination plants in Saudi Arabia 
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development projects which are expected to be finished 
within a few years. Major highways have already been con­
structed to connect the southwestern region with the rest 
of the Kingdom. The weather in this region is excellent, 
especially in the summer months. Availability of water and 
electricity would motivate the Saudi people to spend the 
summer in the country and would encourage the tourist in­
dustry. Also, the land in the southeastern area is very 
suitable for agriculture, \ri2ich means that more agriculture 
projects are expected in this area, and, in turn, more de­
salted water and electric power will be needed for irriga­
tion projects. Detailed studies are needed for the southern 
region to see •vdaether it is more appropriate to use large 
dual-purpose plants or several single-purpose plants at 
different locations. This is because most of the resort 
areas in cities and villages in the south of Saudi Arabia 
are located on high mountains, which causes some diffi­
culties in water transportation and electric power trans­
mission. 
Plant type 
In the selection of the type of reactor, a decision 
cannot be based only on units costs extrapolated from cur­
rent operating systems. There are many factors which have 
to be integrated in the economic analysis of a nuclear de­
salination plant in the area. Specifically, these factors 
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are as follows: (1) Neighboring areas are rich in thorium 
reserves ^ ich can be obtained at marginal cost. (2) The 
desalination is basically needed in areas wherein no suf­
ficient fresh water supply is available for the initial 
charge of the plant. (3) The reactors used must have a 
high performance and should not consume excessive amounts 
of uranium. (4) The experience in power reactor operation 
is limited due to the small number of reactor-years of op­
eration in the area. Although qualified operators can be 
trained in a short time, a reactor with inherent safety 
features would be superior to a reactor that involves oper­
ational problems, •vâiich cannot be handled locally and in a 
short period of time. (5) A selected reactor should have 
a high degree of flexibility so that it may be used to 
operate pilot plants for different industrial applications, 
such as steel production and oil cracking. (6) The plant 
must be capable of withstanding external missiles, includ­
ing aircraft and warfare hazard without inducing a major 
accident in the reactor itself. (7) The fact that the area 
is rich in resources other than potable and agricultural 
water and that neighboring countries are rich in technical 
and scientific human resources would provide an incentive 
to establish a nuclear industry in the area. (8) The selec­
tion of a reactor i^ ich is not geared to naval and military 
applications would allow for a better environment for 
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transfer of technology and exchange of experience with 
other countries having many reactor-years of design, con­
struction, and operation. (9) The likelihood of special 
nuclear material diversion is low in reactors using fuel 
highly diluted in fissile isotopes, and hence the plant and 
the anticipated nuclear development would not be subjected 
to severe international constraints (43). 
Taking all the above factors into consideration, gas-
cooled reactors (which utilize thorium and highly diluted 
uranium) are superior to other types of reactors. High 
temperature, gas-cooled reactors using steam cycles have 
higher thermal efficiency, and hence substantially lower 
cooling water requirements than light water reactors. De­
velopment of closed-cycle gas turbines would further elim­
inate the need for initial water charges. The high con­
version ratios of gas-cooled reactors result in a low con­
sumption of uranium which is almost half the consumption 
in light water reactors. The high integrity of the primary 
system of gas-cooled reactors makes damage to the reactor 
impossible, even if the containment is breached by external 
missiles. The use of prestressed concrete reactor pressure 
vessels and other structural safety features in the con­
struction of gas-cooled reactors, in addition to the con­
tainment, provides adequate protection for the reactor and 
for the public. Underground containment, especially in the 
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case of direct gas cycle, would be economically competitive 
with other types of containments. Nuclear transient acci­
dents due to rapid addition of reactivity during operation 
are not possible because of the fuel composition. The con­
sequences of depressurization are not as severe as those 
anticipated from loss-of-coolant accidents in the case of 
light water reactors. 
The reject heat from the gas cycle in present high 
temperature gas-cooled reactors is at high temperatures 
about 225 °C (^ 37 °P). Consequently, this heat can be 
used in processes such as steel manufacturing and still 
achieve high efficiencies in the desalination process. In 
addition to the desalination plant, some other operations 
can be constructed to utilize the process heat from high 
temperature, gas-cooled reactors, especially at times of 
low water load. Some of the operations "which would be of 
value in the region are the secondary recovery of crude 
oil and the production of hydrogen and steel. The gas-
cooled reactor is capable of delivering process heat in 
the temperature range of 578-816 °C (1000-15*00 °F), which 
is not possible at the lower operating temperatures of 
water-cooled reactors. Consequently, the process heat of 
the gas-cooled reactors can be used in single-purpose de­
salination plants if the water demand is not associated 
with a high power demand. Economically, this type of 
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reactor has the desirable feature of low fuel cycle costs 
and fuel cycle cost stability (44). 
Safety and siting 
The use of small power reactors with natural uranium 
or highly diluted enriched fuel guarantees a high availabil­
ity factor and would eliminate many safety problems -which 
are associated with large power plants. Proper training 
for operation can be provided to Saudi Arabian engineers on 
a time scale much shorter than the time necessary for con­
struction of a nuclear power plant. 
A preliminary survey of possible sites for a nuclear 
plant to supply water and electricity to the middle western 
region resulted in the selection of Saad Island (Jazeerett 
Saad). The site is 10 km (6.2 mi) southwest of the port of 
Jeddah. The distance is sufficient for an exclusion area 
for a large nuclear power plant. Meteorological conditions 
are stable. In Table 3.9 some information about the weather 
in the area is given as recorded by the meteorological sta­
tion in Jeddah (1). The nearest major airport is 11.263 km 
(7 mi) northwest of the present desalination plant in 
Jeddah. 
The number of airplane crashes in the vicinity is very 
small. In the past 30 years only two crashes have taken 
place. The first was in 1956 when a Dakota propeller crashed 
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Table 3.9. Wind conditions 
¥ind Duration 
CPrevailing) CMazimum) (Number of days) 
Month Knots^  Grade Knots^  Grade Sand Thunder 
Storms Storms 
January 7 330 27 170 1 1 
February 7 310 35 50 1 -
March 7 330 25 150 1 -
Arpil 7 330 30 170 3 -
May 6 180 20 220 - -
June 8 310 25 180 1 -
July 9 330 27 310 - -
August 9 330 30 300 - -
September 8 180 27 300 - -
October 6 180 25 170 1 -
November 8 20 26 150 - 1 
December 8 20 30 80 - 1 
Total number of days, 1972 8 3 
Total number of days. 1971 7 13 
Total number of days. 1970 2 3 
Total number of days. 1969 14. 3 
1^ knot =1.86 km/hr H H 1 
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1.609 km (1 mi) from the runway due to mechanical failure. 
The second incident was on July 21, 1971, "when a Boeing 737 
jet crashed at about 13 km (7.08 mi) from the airport due 
to fog conditions (^ 5)» The selected site is also far from 
the traffic route to the harbor in Jeddah. However, safety 
measures may be taken to guard against explosion of nearby 
oil tankers or barges. 
3.5* Conclusions and Recommendations 
Slow and careful introduction of nuclear energy in 
Saudi Arabia is practical and would provide the economic 
diversification which is necessary for growth and stability. 
The country can actively participate in development of nu­
clear systems compatible with the environment and the de­
mand. Such development is of little interest to highly 
industrialized nations and represents an overwhelming drain 
on development budgets of many other nations. Alternate 
energy sources should be considered; however, most of these 
sources are still in the stage of research and are far from 
being feasible at the present time. The process heat from 
the reactor can be used in petrochemical industries and 
water conversion. Liquefaction of natural gas whether for 
sale in the energy market or for reinjection in underground 
storage formation needs to be considered. The use of oil 
as fuel needs to be limited to systems where no other energy 
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source can be used, such as transportation (43, 44-, 46-4-9). 
Further research and analysis are necessary to provide 
a reliable assessment of the development alternatives and 
to investigate the potential of advanced technology to pro­
vide for the needs of the people in the area. Some of the 
research projects "v^ ich need specific consideration are: 
(1) Simulation of the current resources and potential 
demand of energy and water to assist in planning 
and management; 
(2) development of economical small nuclear reactors 
to generate electric power and supply process heat 
for petrochemical industries and desalination 
units; 
(3) optimization of dual-purpose nuclear plant per­
formance for meeting certain ratios of electricity 
to water demands ; 
(4-) exploration of the use of alternate sources of 
energy for desalination other than oil, natural 
gas, and nuclear, such as solar, fusion, and geo-
thermal energy; 
(5) assessment of the potential of agrochemical-power 
complexes in meeting the water, power, and food de­
mands in the area; and 
(6) assessment of the requirements for introducing nu­
clear energy in Saudi Arabia, including plant manage­
ment, training, and manpower. 
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If. MANAGEMENT, MANPOWER, AND STAFFING OF 
NUCLEAR DUAL-PURPOSE DESALINATION PLANTS 
4.1. Introduction 
Success of large projects and industrial development 
greatly depends on management procedures, organization and 
personnel and on availability of well trained and experienced 
staff. This is specially true in developing countries where­
in no prior experience has been gained in management and 
execution of projects of the size and diversity of nuclear 
desalination and power generation. In fact, the introduction 
of nuclear energy in the industrial and economic sectors of 
a nonnuclear country requires careful assessment of existing 
engineering management philosophy, systems and capabilities. 
The feasibility of employing nuclear energy in this situa­
tion depends on the ability of the host country to meet the 
requirements of staffing and management. Due to the level 
of sophistication and complexity of nuclear energy systems, 
strict rules and standards have to be applied in the selec­
tion of personnel and of management schemes. 
Human capital has been one of the serious implementation 
problems of most engineering projects and expansion plans in 
several developing countries and particularly in Saudi 
Arabia. Consequently, it is necessary to assure the avail­
ability of adequate supply of qualified technical and manage-
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ment personnel prior to Tnaki ng any commitment to build nu­
clear power desalination plants. A number of local persons 
may have to be trained before the initial phase of plant 
construction to be able to participate effectively in all 
the phases of operation of relatively large nuclear plants. 
Furthermore, carefully planned management procedures are 
necessary to assure adequate performance and smooth and safe 
operation of the plants. 
Successful execution of an engineering project is not 
limited only to design, construction, and operation, but 
should also involve considerations of human factors, planning, 
management, control and organization. The engineer in-
charge of a plant must have the capability to solve generic 
problems, execute plants and implement policies provided by 
decision makers, to advise superiors and executives and to 
supervise subordinates and workers. In addition, project 
engineers and managers are expected to deal with the public 
and with other nonengineering departments. Furthermore, 
adequate quantity and quality of production requires good 
organization to facilitate the cooperation among the indi­
viduals. Many engineers, especially in Saudi Arabia, find 
themselves suddenly in a top executive administrative posi­
tion, such as chief engineer, project manager, etc. Execu­
tives carrying the responsibility of a large project vâiile 
lacking the necessary industrial management experience may 
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unwittingly cause complications which may in turn result in 
failure of the whole project. 
Several studies have been conducted on staffing and 
organization of single purpose nuclear power plants and fos­
sil desalination plants. However, dual-purpose nuclear de­
salination plants have not been given adequate attention in 
this regard. Management and staffing of dual-purpose plants 
involve several problems which are characteristic of co­
ordinating two systems in simultaneous operation. Special 
considerations must be taken into account in desalination 
plants feeding on nuclear energy. Exangjles include emphasis 
on reliability of components and interface between the 
energy source and the water production units, enforcing high 
level of quality assurance at all phases of construction and 
operation; well-trained operators; adequate operation pro­
cedures and instructions; and adequate inspection and 
maintenance. 
Several methods of administration and organization have 
been successfully used in various industries. However, the 
freedom of selecting management procedures is restricted in 
case of utility industries due to local price control and 
operation regulations. The nuclear industry and the opera­
tion of nuclear energy systems are highly regulated in nu­
clear countries. In developing countries international 
regulations as well as local regulations are expected to 
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impose further constraints on the procedures used both in 
manpower selection and in management procedures. 
In most of the nonnuclear countries, water and electric 
power generation is controlled "by government. The bureau­
cratic management system would be useful in providing strict 
measures in nuclear material assay, in auditing, in inspec­
tion and in some stages of quality control. However, govern­
ment agencies are highly centralized and often the system 
does not provide for incentive for high quality maintenance, 
workmanship and operation. Such system may not be adequate 
for safe operation due to the need for on-the-spot decision­
making and for responsible action. These are of great im­
portance in the implementation of large industrial projects. 
Construction and operation of nuclear energy systems usually 
requires a mix between centralization and decentralization. 
The management of the nuclear industry also requires a com­
bination of staff and line models. In the case of nonnuclear 
countries some modern management models can be easily adopted 
and may become necessary to assure high quality and safety. 
if. 2. Management Models 
A critical review is made here of organization and 
management models which have been used in business, in­
dustrial and governmental organization. The discussion is 
conducted in the framework of nuclear energy projects 
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involving electrical power generation and saline water con­
version. The objective is to examine the viability of each 
model for implementation of such projects in nonnuclear 
countries. Emphases are placed on internal organization; 
that is those aspects of organization which refer to iden­
tification of responsibilities and authority flows within 
a given enterprise or a closed management system. 
4.2.1. Bureaucratic model 
The bureaucratic model is often attached to large-scale, 
cumbersome government or establishment units vdierein indi­
vidual bidding is unrecognized (50)» The model actually 
prevails in the most of large organizations and have been 
used in government organizations for long time regardless 
of the political or economic system. Consequently, the 
model has been subjected to continuous criticism especially 
by entrepreneurs and those engaged in accelerated development 
plans. The model represents a state of static equilibrium 
and hence attempts to revolutionize a bureaucratic organiza­
tion by radical dynamic changes often ends up in developing 
a new form of bureaucratic system. This is because bureauc­
racy is mechanistic and impersonal and both of the conserva­
tive traditionalist and the revolutionary achieve their goals 
through bureaucratic mechanism in the institutionalization 
of authority by society. Thus, the manager can acquire a 
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type of power legitimized by society that makes a person do 
what should he done regardless of individual feeling, in­
terest or judgment (51)» 
Proponents of bureaucracy consider it as an ideal or­
ganization philosophy which guarantees high level of ration­
ality. The mechanistic characteristic of monocratic bureau 
cratic administration provides for an optimum precision, 
knowledge of the files, continuity, strict subordination, 
unity and discretion. A major aspect of bureaucracy is its 
emphasis on universality. Among the advantages which can be 
disputed by opponents are efficiency, speed and reduction of 
friction and of material and personnel costs. These are 
justified by the assumption that human element is unpre­
dictable not necessarily rational, often emotional and hence 
human diversities tend to interfere with efficient organi­
zational performance (52). Other views give a realistic 
account of the trend of unmanageable growth of bureaucratic 
organizations which accompanies a progressive decline in 
efficiency (53)* 
The bureaucratic mechanism is ideal for management of 
those facets of nuclear energy operations "vflierein reporting, 
filing and auditing plays a major part, such as in some 
parts of a quality assurance program. Such activities re­
quire mechanistic and depersonalized form of organization 
where emphasis are placed on precision in following manuals 
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and instructions and on centralized hierarchical structure. 
Nevertheless, logging, storage of information, and most of 
the activities requiring the "bureaucratic system can be "bet­
ter done by computers with minimum manpower to assure accuracy 
and efficiency. In fact the theory of bureaucracy is based 
on minimizing the human element by limiting the responsi­
bility of subordinates in large organizations to motor tasks. 
Even in the case of quality control and inventory con­
trol keeping accurate records are of little use if the en­
gineer cannot apply ingenuity in detection of trends, in­
ference and initiation of corrective actions. In fact a 
great number of engineering tasks in nuclear projects re­
quire decision making at every level. 
4.2.2. Classical model 
The classical organization model is based on setting 
up the general goals of the organization, identification of 
the tasks to achieve the objectives, grouping the tasks into 
administrative subunits, integrating the subunits into 
larger units and then establishing the top-level departments 
or divisions. The method exploits the concepts of structure, 
hierarchy, specialization, span-of-control and line and 
staff relationships in a mechanistic fashion to group the 
work in the most efficient way by optimizing cost and pro­
ductivity. 
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Organization structure establishes the relationship of 
the various functions or activities in a balanced manner 
and adaptable form to achieve the primary goals of the or­
ganization within a basic framework around which the various 
parts or units are related (50, 5^ ). The structure identi­
fies channels of communications between members of the or­
ganization and establishes a common set of prepositions and 
expectations for which the responsibility of certain classes 
of decisions are assigned to specific members of the organi­
zation. Structured subgoals are usually necessary to facil­
itate choice in various parts of organization (55)« In 
management of nuclear energy projects a basic function of 
the structure is to establish intelligence responsibilities 
in particular organization units for scruitiny of the en­
vironment in specific parts of the organization and for 
communicating those events which may require attention or 
appropriate decision. 
The composition of large complex organization is uni­
versally hierarchical in nature. Classically, a hierarchical 
structure is based on the scaler principle which primarily 
involves vertical division of authority and responsibility 
and assignment of duties to organizational units (56). In 
the traditional hierarchical organization the relationships 
are based upon the unity-of-command concept with each sub­
ordinate responsible in all activities to only one superior 
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who directs authority only to subordinates. 
The concept of specialization is related to the dif­
ferences in assignments to various units. This involves 
departmentation of the organization into specialized units 
to perform particular functions. 
Superior-subordinate relationship must allow for the 
systematic integration of organization activities. A narrow 
span-of-control is recommended so that the executive can 
provide adequate integration. The span-of-control concept 
implicitly emphasizes the coordination of the activities of 
the subordinate by the executive and relates to the optimum 
number of subordinates which can be effectively supervised 
by a single person. A narrow span-of-control is associated 
with an elongated vertical structure and difficulties in 
horizontal integration of activities. This limitation in 
applying the concept of span-of-control has limited the 
usefulness of the concept in building organizations (^ 7, 58). 
The classical concepts of management have much in com­
mon with the bureaucratic model especially in placing em­
phasis on mechanistic and impersonal approaches (50, 51)* 
Two forms of classical organization models have been used 
in management of large projects; namely, line and staff. 
The line organization is the simplest and oldest and is 
commonly used in developing countries especially those 
"ràiich were under colonial rule. The line organization is 
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basically individually controlled. The executive is the 
sole source of authority. All instructions and orders as 
to decision-making, policy and performance come through the 
subexecutive to subordinates. Although an executive may 
receive advice by specialists direct orders have to go 
through proper channels. A subexecutive reports to higher 
executives and receives instructions from the same single 
higher authority. The staff functions support the line. 
Line organization requires staff of lower than average 
intelligence. The success of the project relies solely on 
the judgment of the executive who is usually of relatively 
low specialized knowledge. Nevertheless, the executive 
needs to be familiar with local situation and must be able 
to directly control and coordinate the operation. Conse­
quently, this t3^ e of organization can be used in the 
structure of high administrative sectors of the project and 
in regulatory functions providing local experts are avail­
able since foreign experts cannot perform their work ade­
quately especially as executives. Generally, good line 
executives are difficult to obtain (5*9) and in most situa­
tions they lack specialized knowledge, ability to make spe­
cific decisions, and often overloaded and concerned with 
detailed duties. Success of advanced technology projects 
especially nuclear energy which is based on high quality 
levels requires executives with specialized knowledge. The 
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line control, although practiced in many developing countries, 
fails due to the reluctance of subordinates to obey orders 
and receive instructions particularly if the structure of 
the organization is based on intelligence, knowledge or 
education rather than social status. This phenomena pre­
vails in Saudi Arabia and is more apparent in organizations 
involving a mix between locals and foreigners. 
The advantages of line control are strict discipline, 
minimum overhead cost, and the fact that authority is direct 
and single. Although responsibility is identified there is 
the danger of lack of communication within the rules of the 
system. This may allow for avoidance of responsible actions 
and passing the blame for improper performance to subordi­
nates. An inç)ortant advantage of the line organization is 
the minimum time required to establish it. This fact en­
courages developing countries to adopt the line control to 
accelerate the development process particularly in trans­
ferring modern technologies. In addition, most of the de­
velopment processes in many countries are a result of per­
sonal conviction of a single authority vfliich regards the 
staff as an aid and an extension to the personality of this 
authority. 
Undoubtedly, the line organization is not suitable for 
complex, large and long term nuclear projects. However, it 
can be used in specific suborganizations directing defined 
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tasks such as actual operation of a plant, inspection super­
vision or enforcing regulations within given guidelines. It 
is also applicable to localized situations in which emergen­
cies requiring prompt action may arise. In such cases, the 
role of the staff is limited to supporting the line through 
reporting and performing according to instructions. In com­
plex nuclear power and desalination projects vâiich involves 
a great deal of decision-making, research and development 
(R&D) and transfer of technology the staff is expected 
to play an iiiç)ortant role and has to be of advanced special­
ization. The staff is expected to advise, provide service 
and information, conduct specific studies, make decisions 
within a broad plan and have control over parts of the or­
ganizational units. 
The staff or departmental control requires distribution 
of authority among several highly specialized officers. 
Lines of authority converge only at the top of the organi­
zation. In most of the developing countries organizations 
are formed based on departmental control; however, in 
practice the rules provide clear delineation between line 
and staff relationships. Often the officers do not have 
the necessary specialized knowledge. The actual organiza­
tion carry the weaknesses of both the line and staff forms 
since it is based on line hierarchy idiile it lacks coopera­
tion between different departments and presence of local 
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authority in case of emergencies. If staff control is 
practiced, specialized knowledge could be valuable in pro­
viding high quality work, increase in production and in 
directing the staff especially in standardized operations. 
The staff control concept is appropriate in parts of the 
organization of nuclear projects. 
The most widely used form of organizations for large 
operations is the line-and-staff control vdaich is a congiro-
mise between line and departmental extremes. In this form, 
line officers usually have complete authorities for execu­
tion and emergencies. Staff officers control over matters 
such as standards, technical specifications and inspections. 
The approach is conservative and widely used in large opera­
tions with concentrated or widely scattered facilities. In 
General Motors (GM), a blend between line and staff control 
has been used successfully (60). The distinction is only 
made between staff of the central office and the divisions. 
The staff is highly specialized but has no line authority. 
Nevertheless in certain matters of established policy, the 
application of such policy may be communicated directly to 
a division. The general staffs are concerned with specific 
activities such as legal work while they are involved in 
solving long-range problems. In contrast the divisions are 
largely engaged in implementation of policies and programs 
which have already been developed. The early experience in 
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GM has shown that providing each division with strong 
management with loose control by the central management 
could be detrimental to the corporation. This because 
divisions may fail to follow the policies set by the cor­
poration management meanwhile the divisions may not provide 
timely and appropriate data for the corporation management 
to plan affricatious policies. A steady flow of information 
between divisions and central staff and having adequate 
control over the divisions have been found necessary for 
real coordination. Nevertheless, the overall management 
method has to be dynamic and continuously adjusted to pro­
vide an optimal combination of freedom for the divisions 
and control over them. Similar challenging management 
problems are expected to prevail in conducting nuclear 
energy projects in nonnuclear countries wherein govern­
mental organization and control has to be adjusted to 
allow for freedom of those divisions involved in conducting 
detailed and specialized tasks while strict control is re­
quired over quality assurance and safety. 
Although in the line-and-staff form of management equal 
ençhasis and importance are attached to both staff and exec­
utive functions such type of operation can be infested with 
destructive rivalry between officers of equal ranks. Those 
may not compete for the good of the organization but rather 
tend to enlarge the domain of their authority within their 
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own speciality or department by elimination of all means of 
interaction and cooperation with one another. Such defect 
fosters internal dissension and hampers the development. 
This can be remedied by changing descriptive titles of the 
officers to imply more of the executive and less of the 
specialist even if officers are highly specialized. The 
change in titles may eliminate territorial barriers and 
would be helpful in establishing easier contacts with the 
public which would prefer dealing with officers holding 
the more comprehensive titles; such as vice president, vice 
governor, assistant general manager and assistant manager, 
rather than with officers designated as department head or 
division staff. The phenomenon of clustered territories 
within an organization prevails in government organizations 
and has been nourished by bureaucratic practices. This has 
hampered progress in developing countries wherein utility 
and industrial developments are generally conducted by 
government agencies. Some governments have realized the 
defect of lack of cooperation between departments and min-
isteries and have hence created positions such as deputy 
prime minister, chief of staff and the like. 
In addition to change of the title of officers the 
line-and-staff control can be replaced by a unit-control in 
which the actual structure of the organization may be 
changed. Separate services under different departments may 
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be combined in one larger force in a single office thus 
handling the work of several officers of similar rank and 
their immediate superiors. Subexecutives or staff may occupy 
the position of the immediate superior 'rôienever that super­
ior is absent or off duty. This will increase cooperation 
among officers and compel them to take a comprehensive view 
of the entire organization rather than of their limited 
territory. 
Practice of unit-control is likely to increase super­
vision efficiency and to provide an excellent training for 
executives since each officer is continually prepared for 
promotion to higher executive position and to select and 
retain officers who possess the discretion and cooperative. 
attitude necessary to coordinate activities of conflicting 
interests and authorities. Unit control is particularly 
suited to the organization of those parts of a nuclear 
energy project which have become standardized thus permitting 
the organization to direct its energy along- executive lines. 
In nonnuclear country most of the activities of nuclear 
energy projects are expected to be very well standardized 
especially at the initial phases. Research and development 
efforts are expected to be at a modest level and are likely 
to be conducted by separate organization, government agent 
or educational institution. In developed countries unit 
control is often used as a concept rather than as a recog­
129 
nized district form of organization (59)• 
4.2.1. Semiclassical model 
A departure from the unity-of-command is the concept 
of functional authority in "iràiich multiple supervision is 
conducted by functional staffs made of a number of special­
ists exercising an authoritarian relationship in each of 
the functional areas. Under the functional control system 
subordinates report to several supervisors or specialists. 
Supervisors must be selected in this case on the basis of 
specialized ability rather than executive ability and the 
staff tend to be expert in a limited field. Subexecutives 
and executives have limited, narrow and specialized point 
of view. Often it is difficult to recruit the exceptional 
type of personnel needed. However, the functional staffs 
system is best adapted to routine specialized activities 
conducted in single location. 
h,2.h. Neoclassical concepts 
The neoclassical model is a behavioristic approach to 
organization vdiich utilized the structural aspects of the 
classical management theory. However, the neoclassical 
model capitalizes on human resources and informal group 
relationships rather than on the mechanistic and impersonal 
aspects which characterizes the national models. Thus, the 
neoclassical concepts encourage wide participation of the 
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organization members in decision making, promotes mutual 
confidence as the integrative force in organization and 
considers the face-to-face group as the basic unit of or­
ganization (50). The supervisor is considered an agent for 
maintaining intragroup and intergroup communication. The 
members of the organization are expected to perform their 
tasks through the feeling of responsibility and self moti­
vation (61). This type of management principles can be 
easily adapted in organization of research and development 
and in transfer of technology activities provided that 
recruitment of highly dedicated competent personnel is pos­
sible. It is necessary in this case to provide incentives 
for workers and staff and to assure harmony and homogeneity 
in backgrounds of coworkers. This may not be possible if 
the organization is made of persons of different nation­
alities, caisses or cultures. It is not suitable for in­
dividuals v±io are not trained on working in a team which is 
the case in many developing countries. In Saudi Arabia the 
neoclassical model would be compatible with the local cul­
ture which undermines hierarchy and resents structures based 
on authority. Progress in human factors engineering can 
provide guidelines for developing of neoclassical management 
especially in developing countries where the organization 
structure has not reached the complexities present in de­
veloped economies. The presence of human element can bring 
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about the realization of a total system of organization 
vAiich enconçasses individuals, informal and formal groups 
and intergroup and formal relationships (62). The concept 
of the organization as a total system is particularly suited 
to new development such as introduction of nuclear energy 
in dynamic economies wherein the new developments are of 
long term benefits. 
4.2.5. Pecision-makinK model 
Many of the organizations of the complex large projects 
which involve more than routing production are faced with 
daily problems of different natures. In this case, emphasis 
must be placed on human problem-solving and decision-making 
mechanisms as primary forces in organizational behavior. 
Consequently, organizations members must be recognized as 
individuals of limited capacity and relationality who have 
a wide spectrum of wants, drives, motives and aspiration 
levels. In fact, if human element is to be recognized in 
its totality as more than a mere mechanical instrumentality 
any management task must be viewed as a decision-making 
process (59)» In this sense the management involves search­
ing for decision points, design of alternative courses of 
action through analysis and choice of a particular course 
of action from the available alternatives (55) • Those 
stages of management can draw on human intellective 
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capacities in spite of their limitations through developing 
simplified models that capture the main features of a prob­
lem without capturing all its complexities (63). The de­
cision-making model adds to the traditional organization 
models such concepts as motivation, perception, conflicts 
of interest and restrictions on rationality. This model 
would be of value in organization of nuclear energy projects 
since it provides opportunity for training the staff on 
logical approaches to solve generic problems. However, the 
concepts are difficult to implement in established organi­
zation in developed countries and cannot be introduced ab 
initio in developing countries. The model can be slowly 
implemented in the organization of R & D units where decision­
making is the main activity. This would stimulate innovation 
and provide self-confidence in workers which are the basic 
elements of dynamic development. 
^•2.6. Modern management model 
The advent of computer development and the progress in 
system analysis have led to the evolution of mechanistic and 
behavioristic models of management into system concepts. 
The new scientific developments have made it possible to 
view the management process in its entirety rather than 
placing emphasis on the functions of the system as separate 
entities. Concern with minor details of individual functions 
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could result in unoptimal operation of the system at hand 
and hence the management of a project may fail in spite of 
the success in conducting the tasks assigned to the sub­
systems. For example5 in a nuclear energy project strict 
provision of safety and quality assurance at specific units 
of the project does not necessarily result in an overall 
safe and high quality project. 
Modern management concepts place definite ençhasis on 
the fact that functions are performed in conjunction with 
operation of the system as a whole although the organization 
structure, like traditional models, considers the basic func­
tions of planning, organization, control and communication. 
While traditional concepts of organization deals primarily 
with interrelationships between people whether in a mech­
anistic or behavioristic sense the system concept places 
emphasis upon the integration of all activities toward the 
accomplishment of over-all objectives recognizing the im­
portance of efficient subsystem performance. Thus, modern 
management concept includes provisions for components, ar­
rangements and operations and views the organization as a 
complex man-machine system. The concept provides great ad­
vantage for organizing pertains in decentralization of de­
cision-making and the more effective utilization of the 
allocated resources to the individual project. Thus, 
accountability for performance can be achieved through 
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the measurahility of individual systems of operation. 
Control in the modern management model is regarded as 
a means of gaining greater flexibility in operation and as 
a feedback mechanism that provides a corrective action. In 
addition, communication plays a vital role since it is the 
connecting and integrating link within the systems network. 
Also, the modern management model is characterized by sim­
plicity and reliability in the sense of assuring consistency 
of operation of the coniponents. In all situations provision 
should be made for repair and recovery, to overcome any 
failure. Furthermore, the modern concept emphasizes economy 
as a major element of management and considers acceptability 
of the people involved as a major element of success. 
Adaptation of modern management in nuclear projects 
could be easily done in developing countries since plans 
can be imported rather than individual consultants and ad­
visors. Selecting a management model based on systems con­
cept for planning, organization and operation is much 
easier than recruiting conçetent foreign experts with the 
required training and abilities to live in alien environ­
ment and accept different culture. This may require ex­
tensive use of computer codes in planning and decision­
making. However, this aspect of the management process 
could indirectly increase the number of trained locals who 
would have the ability to manage complex and large nuclear 
135 
energy organization through systematic approaches that as­
sure success in achieving goals while maintaining high 
levels of safety and quality control. Furthermore, the 
transfer of nuclear technology through acquisition of in­
formation and procedures is more fruitful than importing 
manpower and/or long-term planning of training locals in 
diversified fields within foreign environments which may 
have different and untransferable philosophies in management 
and operation. In developing countries the blind faith at­
tached to conçuter outputs makes the use of modern manage­
ment model ideal especially in implementation of safety 
provisions, planning and quality assurance programs. 
^.3. Decentralization 
Experience in management of GM has shown that the suc­
cess of a management procedure depends on motivation and 
opportunity which can be achieved by incentive compensation 
and decentralization respectively (60). However, decentral­
ization has been accompanied with coordinated control. De­
centralization provides the organization with all the qual­
ities to adapt to new conditions including flexibility, 
initiative, personnel development, responsibility and making 
realistic decisions in short time. The upper echelons of 
management would concentrate on policy making and defer 
decisions to the lowest feasible level of the organization. 
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On the other hand, efficiency and economy can he assured 
through coordination. The reconciliation of the conflicting 
elements of decentralization and centralization or coordina­
tion requires continuous adjustment and modification as the 
organization grows and expands in number of members and 
scope of interest. 
In developing economics most of the organizations are 
not geared to provide motivation through incentive compensa­
tion or opportunity through decentralization. The criteria 
for promotion are usually based on strict bureaucratic 
practice and hence they are mechanistic in nature and de­
pend on academic degrees and date of graduation with no con­
sideration given for productivity or quality of work. Due 
to the small size of many merging countries management pol­
icies are inhibited with the notion of fairness to employee 
idiich is often interpreted as providing jobs with the same 
level of compensation for everybody. The colonial rule in 
some countries has fostered the attitude of mistrust among 
the staff and the holy nature of the central authority. 
Actually, this is not the case in Saudi Arabia. The short­
age in manpower has provided ample opportunities for moving 
up the ladder of organizations including governmental agen­
cies and institutions. A sense of mutual trust exists in 
most organizations especially among executives and sub-
executives. However, many operations are centralized due 
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to the fact that they are government controlled which is a 
universal case in governmental organizations. In addition, 
there is no criteria for incentive compensation which is 
widely accepted. 
Although the motivation element is "basic for success 
of management of new development project there are different 
views about the role of decentralization and how it can be 
implemented. For exançjle, General Electric considers a dif­
ferent solution of decentralization for each situation while 
other companies have decentralized to avoid difficulties 
with executive staff reviews and unhealthy rigidity in 
central offices. 
Considering the nuclear energy activity the recon­
ciliation of centralization and decentralization is in­
evitable; however, this may be done gradually and in dif­
ferent fashion which suits the given circumstances and the 
nature of activity of the division or branch. 
h.h. Current Practices 
4.4.1. Nuclear countries 
In the USA, the atomic energy program was managed and 
controlled by the Atomic Energy Commission (AEC). The Com­
mission was engaged in research and development, promotion 
of peaceful uses of nuclear energy, regulation pertinent to 
the use of radioactive and nuclear materials, and licensing 
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and inspection of nuclear power plants as well as military 
uses of atomic energy. With the increase in construction 
of nuclear power plants, the high administration of nuclear 
energy has been divided into two independent organizations 
to avoid possible conflict of interest when both of the reg­
ulatory activities and the promotion activities are combined 
under the same administration. Thus, the AEG regulatory 
functions have been delineated to the Nuclear Regulatory 
Commission (NEC) while the R&D functions were transferred 
to the Energy Research and Development Administration (ERDA). 
This change in the administration structure combined with 
active opposition to construction of nuclear power plants 
and with high inflation rates have caused a set-back in the 
development of the nuclear power industry. The establishment 
of a special regulatory commission for nuclear energy has 
benefited in increasing the emphasis on public safety, on 
reliability of components and power systems and on quality 
assurance. However, the increase in control of nuclear 
energy industries has led to lengthening the licensing and 
construction of nuclear power plants in a way that has 
greatly affected the economics of the plants. 
The transfer of R & D activities to ERDA wherein all 
energy R & D is conducted has underscored the inçortance of 
nuclear energy and has reduced the effort devoted to develop 
advanced nuclear energy systems. From a management point of 
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view the AEC organization has evolved gradually during the 
years of its existence and hence it acquired a simple form 
of organization characterized by flexibility, freedom to 
meet emergencies and minimum of red tape. In contrast, 
ERDA in spite of its embryonic stage, has used more complex 
forms of organization since many energy R&D has merged 
within the same administration. Complex forms of organiza­
tion need large managerial staff, require high overhead, 
fosters exhaustive red tape, and is less flexible in emer­
gencies than simpler forms of organization (59)- The complex 
forms of organization are best suited to strong and mature 
agencies handling routine production. The current policy 
of ERDA vis-a-vis the AEG policy is mission-oriented and 
largely concentrates on short-term planning and in demon­
stration of various energy systems. 
The management of the nuclear program also involves 
the nuclear industry and utility companies. The nuclear 
industry is involved in production, construction and in 
R&D while the utility conçanies are devoted to operation 
with less ençhasis on R & D. The fact that nuclear energy 
development required large investments and has low profit 
potential the private industry cannot carry the burden of 
R&D without government assistance. The nuclear industry 
and utility companies are operating within tight regulations 
and uncertain policies which are planned by the government. 
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The organization within the nuclear industry varies 
from one company to another and is usually similar to other 
branches within the specific enterprise. The utility com­
panies have a high degree of flexibility in their internal 
organizations ; however, the management and staffing of nu­
clear power plants follows specific guidelines (64). The 
mean features of the management of nuclear projects are the 
great emphasis placed on site selection, monitoring, emer­
gency preparedness, fuel management, tests and inspections, 
maintenance, security, nuclear material assay and quality 
assurance. Usually, the line-and-staff model is used in 
the organization. A strict line control is used in opera­
tion, inspection and maintenance, staff control in quality 
assurance and unit control in activities indirectly related 
to the power generation. The quality assurance organization 
is independent of all other groups and comprises three levels 
to enforce control at all levels of design, construction and 
operation. Staffing and management practices in single-
purpose nuclear power plants in the U.S. have been presented 
in several documents (64-72). 
The management of desalination plants in the US is of 
simple form due to the modest size of these plants and 
usually the model of organization is selected to follow the 
management philosophy of the operating company. However, 
the desalination activities in the U.S. are at a modest level 
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at the present time to warrant any specific considerations 
or regulations. The nuclear dual-purpose desalination and 
electric power plants have not gone beyond the R&D effort. 
Although the notion of multipurpose plant complexes has re­
ceived great enthusiasm in the sixties, there is a great 
unlikelihood that any of the concepts will be realized in 
the U.S. in the near future. This is due to two main factors: 
the first is the relatively high abundance of water and 
power from other sources, and secondly because both water 
and power are produced by different types of utility in­
dustry. Past experience with the utility systems shows that 
the merger of the water and power industries in a single 
project is unlikely unless there is a great profit incentive. 
Diversification of one utility company as well as the merger 
is risky and involves a conçlexity of control and management 
problems. In addition, like all nuclear energy projects the 
nuclear desalination is unlikely to have future in the US 
unless water scarcity forces the public and the government 
to construct desalination plants. Ho single industry can 
afford the venture of building prototype desalination plants 
without government support through both finance and develop­
ment of regulations. In fact, the frequent change and re­
visions of rules, regulations and policies in the nuclear 
power field have discouraged many industries to participate 
or buy power plants. 
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On the high administrative level of desalination 
projects the organization of the former Office of Saline 
Water (OSW) (73-76), or the present Office of Water Research 
and Technology (OWRT) which is a part of the U.S. Department 
of the Interior, can be considered as a model for staffing 
the headquarters of single-purpose desalination operation. 
Since the bureaucratic model is used in this case, the or­
ganization will suit government controlled water projects. 
However, those organizations are formed with the objective 
of developing a diverse of alternative water production 
technologies with no or little emphasis on nuclear energy. 
In addition, the OSW or OWRT draws on consultants and fa­
cilities from the U.S. Department of the Interior and other 
government sources. In the case of Saudi Arabia, those 
facilities are not available and hence additional groups 
and personnel are required. 
Generally, the U.S. practice in staffing and in manage­
ment systems is inadequate for developing countries and for 
Saudi Arabia since it is based on the use of established 
systems in the private industry which have developed in a 
different environment. Maintenance, safety, quality as­
surance, training, warehouse facilities and inventories, and 
inspection should be more emphasized in nuclear plants and 
operations in nonnuclear countries. This would be inçjortant 
in particular in Saudi Arabia since for the foreseen future 
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nuclear plants are expected to be far from the nuclear in­
dustries and suppliers of spare parts. In addition the 
Saline Water Conversion Corporation (SWCC), vâiich is ex­
pected to manage and operate the nuclear plants, is a non­
profit governmental agency, while in the U.S. the utilities 
are mostly in the public or the private sector. 
4^4.2. Norinuclear countries 
The International Atomic Energy Agency (IAEA) has is­
sued several recommendations of staffing and management of 
nuclear projects for nations interested in nuclear power 
(77). Those can only be used as guidelines for the forma­
tion of specific local management schemes. IAEA recommenda­
tions are coined after the U.S. organization model with dif­
ferent requirements on the number of personnel involved 
(67). That number is not optimum in the case of Saudi 
Arabia since the job market is growing at a fast rate. The 
frequency at wliich people change jobs is high compared to 
the situation in Europe and in the U.S. Employees tend to 
prefer administration positions and would be expected to 
move to higher paying jobs even before gaining the proper 
experience. Thus, the number of personnel in the Saudi 
Arabian organization should be larger than that recommended 
by the IAEA or for the U.S. Finally, the U.S. practice and 
the IAEA recommendations are limited to single-purpose 
nuclear power plants and hence new organization charts need 
to be developed to account for administrative problems re­
lated to desalination. The charts should be compatible with 
the country of interest and should be planned on the basis 
of current practice in that country. 
Saudi Arabia 
Management charts of current fossil-fueled dual- and 
single-purpose desalination plants in Saudi Arabia have been 
presented and briefly discussed by Abdul-Fattah, Husseiny, 
and Sabri (29). The basic organization of desalination ac­
tivities on the east and west coast is presented in the 
chart given in Fig. 4.1 (78). The organization is line 
controlled and is based on separation of technical and ad­
ministration activities. The organization has been developed 
with the assucçtion that foreign experts will occupy the top 
executive positions. Figure 4.2 shows more details of the 
management and technical affairs of the organization of the 
plants on the west coast. Further breakdown of selected 
subgroups within the west coast organization is shown in 
Figs. 4.3 through 4.6 with the numbers of persons involved 
in each category. The staffing of the office of the tech­
nical director and the plant superintendent provides close 
interaction between the two top managers as shown in Fig. 
4.3. The personnel director office is basically planned to 
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provide assistance for foregin experts as shown in Fig. ^.4. 
In contrast, the administration manager office (Fig. 4^5) is 
responsible mainly for the employee affairs. A typical plan 
of the maintenance department is shown in Fig. 4-.6. Es­
sential activities such as inspection, testing and quality 
assurance are not emphasized due to the relative sin^licity 
of present desalination plants. Such activities are the 
responsibility of the plant manufacturers. This is because 
all of the plants and their equipments have been imported 
with the understanding that availability, operability, 
safety and quality aspects have been thoroughly checked. 
However, routine inspection and quality assurance are of 
great importance in the installation and operation phases 
as well as in the manufacturing phase. This is especially 
true if nuclear energy is introduced in the desalination 
projects. 
flnani proposed the departmental controlled organization 
illustrated in Fig. 4.7 for a dual-purpose fossil-fueled 
desalination project at Jeddah (79). Major activities have 
not been considered in this organization scheme; such as the 
engineering sectors, coordination between engineering de­
partments operation, maintenance and quality assurance. 
Nevertheless, Anani has recognized in developing the proposed 
management scheme that there is little coordination of pol­
icies and projects pertaining to water production. In most 
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Fig. ^.7. A possible organization of dual-purpose desalination project management 
(79) 
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developing countries all water affairs are controlled "by 
the Ministry (department) of Agriculture since most of the 
water consumption is in the agriculture sector. Anani pro­
posed the formation of a central water ar.thority to con­
solidate all the planning efforts under different sectors 
of the government. However, he suggested that exploration 
of underground water, assessment of water resources, and 
execution of desalination remains under the Ministry of 
Agriculture and Water (MAW) (79)• 
Considering the dual production of water and power 
using nuclear energy the project may require the merger of 
several administrations controlled by several ministries 
in the central government. The electric power is produced 
by the Ministry of Electricity (ME), the Saline Water Con­
version Corporation (SWCC) in addition to Aramco. The nu­
clear energy office is at present part of the Ministry of 
Petroleum and Mineral Resources (MPMR). The water produc­
tion is under the MAW, the Ministry of Municipalities (MM) 
and the SWCC. Currently, the SWCC distributes water only 
from the dual-purpose desalination plants; however, it does 
not control the prices of either the water or the electricity. 
Recently, SWCC has been merged temporarily with the MA^. 
The urgent need for water in some countries lacking 
skilled manpower has forced those countries to seek turn­
key contract which obliges the vendor to assume the respon­
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sibility of manufacturing, construction, maintenance and 
operation of the plant. This type of arrangement gives the 
manufacturer the responsibility of management. Although a 
turnkey contract can be used in the short-run to introduce 
nuclear dual-purpose plants in a nonnuclear country, the 
return to the country is minimal in terms of transfer of 
nuclear technology. Only some locals may have the chance 
in this case to assume part of the managerial positions which 
are often of the least importance. Generally, no sufficient 
or serious training is provided to train local engineers and 
operators. 
A basic problem in the planning and management procedure 
in developing countries is the reluctance of decision-makers 
to conduct necessary preliminary analysis and feasibility 
studies prior to making commitments to large projects. Such 
studies involve management planning, assessment of manpower, 
and planning of training programs. Experience in developed 
countries has proved that those types of studies should be 
an integral part of the execution plan of any project to 
avoid major loss of capital. In a desalination project, a 
study cost in the range of 0.3^ to 0*5% of the total cost 
of the plant would assure efficient and economic design, 
construction and operation of the project (80). 
In many developing countries major decisions including 
those related to technological development or expansion in 
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the utility services are hastily made on the spur-of-the-
moment. Unavailability of adequate financial resources, the 
desire for growth and expansion and the unfamiliarity with 
management of investments and large business ventures have 
led the decision-makers in some countries to regard the 
feasibility and preliminary studies of projects are wasteful 
in money, effort and time. In many countries utility and 
public services have never planned and selected decisions 
are made on national occasions whenever a ruler wishes to 
commorate the occasion by giving the people a new water or 
electricity project. High authorities in a line controlled 
or bureaucratic organizations are apt to consider that con­
tracting an agency or consultant group to conduct evaluation 
studies of large undertakings would give an indication that 
they are incompetent, incapable of good jugement or unable 
to make decisions. Others are not used to trust or value 
the judgment of others. Often, political factors in small 
community play a dominant role especially in government con­
trolled industries; for exançle, a politician may be interested 
to start a large project to capitalize on the associated 
publicity without seeing it through and hence the success or 
failure is not of high political value. 
In Saudi Arabia, however, the combined effect of abun­
dance of monetary capital and the scarcity of trained man­
power has gradually increased the reliance on project studies 
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as a basic element in planning of large projects. Such as 
the expansion of water or electrical supply. In fact, it 
became apparent in many cases that the organization of pre­
liminary studies should be an integral part of the manage­
ment of national projects. The practice has even been ex­
tended to small projects iiAiether in the public or private 
sector. 
Ennis and Pechenick (80) have considered the organiza­
tion of large desalination plant studies identifying the 
relations between the sponsoring agency, contracting authority 
or financing group. Their model is based on the selection of 
large desalination plants of capacities in excess of 50 mgd. 
The study-team organization is line-and-staff controlled 
wherein communication channels between the study-team and 
the sponsoring authority provide additional control by the 
project administrators and the study contractor. The role 
of the sponsoring authority is that of representation and 
participation. In addition, the authority is responsible 
of precise identification of the objective of the project, 
the scope of the study, the overall design parameters, such 
as capacity and unique details. The studies would involve 
selection of design concepts compatible with the given situa­
tion based on assessment of alternative energy sources, and 
desalination routes, careful analysis of all factors affect­
ing design, procurement, construction and operation; feed 
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water analysis and variations, siting, labor costs, and con­
ditions in the area, sitting, end-use; economics; availabil­
ity of materials of construction and potential suppliers. 
The proposed study-team organization is suited to Saudi 
Arabian situation in management of nuclear desalination 
projects. The organization would be valuable in nonnuclear 
countries especially at the initial phases of introduction 
of nuclear energy in the country. The parallel coordination 
of local efforts supervised by local authorities and the 
study contractor efforts which.may be conducted by foreign 
or private groups would assist in training locals while on 
the job. The study-team organization needs to be integrated 
in the staffing of the nuclear desalination project in Saudi 
Arabia providing adequate modifications are made. 
In the case under consideration here, certain basic 
activities need to be added, such as bid evaluation, standard 
ization and warehouse. Also details of the engineering sec­
tions of the organization need to be considered rather than 
the established sponsoring agency and the associated eco­
nomic considerations. This is important due to shortage in 
technical manpower in Saudi Arabia. 
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^.5* Special Management Considerations 
Several factors have to be considered in selecting the 
management method, the organization model and the staffing 
policy and in assessment of manpower requirements for nuclear 
projects in nonnuclear countries and particularly in Saudi 
Arabia. The fact that nuclear technology is newly intro­
duced would require the selection of the simplest form of 
organization. Simple control is also required due to the 
expected rapidly changing personnel. As the nuclear energy 
organization matures more conçdex forms can be gradually 
adopted providing that the original organization pattern is 
tailored in such a way that future changes can be imple­
mented without excessive cost. Specialized supervision is 
necessary at some levels of the organization due to the fact 
that production and distribution are of two varying products; 
water and electricity and that the domain of the organiza­
tion encompasses quite a few diverse activities which re­
quires continuous development. Also, specialized knowledge 
is required at the pioneering stage to perfect the operation. 
The diversified nature of nuclear energy activities requires 
a high degree of flexibility, communication, acceptability, 
reliability and decentralization within the organization. 
These requirements can be best achieved by adapting system 
concepts of modern management vdierein the organization is 
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viewed in its entirety as an integral system. Communication 
would act as the integrating link within the systems network 
and would coordinate the flow of information. The system 
concepts of management can provide the simplest system -v^ich 
has an access to the global nuclear energy system. This is 
important due to the various international implications of 
the use of nuclear energy. 
Coordination of nuclear power and desalination projects 
under different governmental agencies may require the crea­
tion of new high authorities. Regulation, development and 
production must he placed under the jurisdiction of separate 
and independent administrations to assure safety of the 
public, reliability of plants, enforcing national and inter­
national regulations and quality of construction and pro­
duction. An independent and competent quality assurance 
(QA) group must be formed with assigned responsibilities at 
each level of the organization. Modern technique of in­
spection and testing must become available to the QA group. 
The group should directly report and advise the top execu­
tive in each operation. A study team may be formed or con­
tracted to cooperate with each of the top management levels 
at the initial phase and during the execution of any project. 
One of the major difficulties in staffing and in de­
veloping the management scheme is the integration of the 
new organization within existing governmental agencies. 
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While production can be controlled by several ministries or 
governmental agencies, the control of development and regu­
lations must be controlled by a single authority for each. 
Related R&D may be done by universities, research institu­
tions and private consultants. However, a central authority 
must coordinate and direct the effort. The study team may 
involve government staff or other selected members of other 
organizations even if a foreign study contractor is selected 
for a specific project. The production may be done by sev­
eral agencies and ministries but all production plants must 
be within the jurisdiction of the single regulatory agency. 
Cultural attitude towards authority and responsibility 
must be accommodated for in the organization. A reward and 
penalty system may be developed to enhance motivation and 
to encourage innovation. The staff and the executives must 
be provided with incentives to conduct high quality work at 
all levels and to acquire a reasonable sense of dedication 
to the objectives of the program. This goal cannot be 
achieved merely by slogans, reminders or wordy sermons. 
Incentive compensation, communication, participation of the 
organization members in decision-making through decentrali­
zation and adequate distribution of responsibilities are 
essential. The major contemporary culture characteristics 
of the locals include: resentment of direct orders and 
authorities supported by hierarchy of organizations 5 mistrust 
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of the loyalty and dedication of alien workers; confidence 
in recommendations by foreign experts with little apprecia­
tion of their role in conducting the work; and little con­
cern in regard to high quality workmanship and regulated 
procedures other than red tape bookkeeping and auditing. 
Many of the educated elite resent training and conducting 
work done by technicians and labor. 
4^6. Organization 
4.6.1. Top manag ement 
Introduction of nuclear energy in nonnuclear countries 
may require the establishment of independent government 
agencies to supervise the process of transfer of nuclear 
technology and related activities. Close interactions be­
tween these agencies and other governmental sectors is es­
sential for optimum utilization of manpower and financial 
resources. Strong communication links among various agen­
cies will eliminate duplication and provide consistent pol­
icies. A possible integration scheme of nuclear energy 
activities in the existing government administration is 
illustrated in Fig. 4.8 for the top management of a nuclear 
program for desalination, power generation and other appli­
cations . 
The Saline Water Conversion Corporation (S¥CC) operates 
under the control of the Council of Ministries (COM). Close 
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Fig. ^.8. Integration of nuclear energy activities in the existing administration 
in Saudi Arabia 
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links are established between SWCC and other governmental 
ministries and agencies, especially those responsible for 
water and electric power production; namely the Ministry of 
Agriculture and Water (MAW) and the Ministry of Electricity 
(ME) respectively. Finance of all national projects is 
usually provided by the Ministry of Finance and National 
Economy (MFNE). Distribution is the responsibility of the 
MAW and the Ministry of Municipalities. Several new govern­
ment agencies are introduced in the proposed chart shown in 
Fig. ^.8. Those include the Saudi Arabian Nuclear Energy 
Commission (SAUEC) and its branches and the nuclear opera­
tions controlled by SWCC. The SANEC should be independent 
and reports directly to the COM. The responsibility of 
administering the nuclear island and any related facilities 
must be delegated to SAIŒC. The commission should have the 
authority to inspect, test, license, cancel or suspend any 
of the nuclear projects. The commission encompasses three 
branches : the Regulations and Standards Authority (RSA), 
the Licensing and Environment Protection Office (LEPO), and 
the Transfer of Nuclear Technology Administration (TNTA). 
Table 4.1 lists the activities involved in each branch of 
the SAÏÏEC. 
A clost cooperation must be maintained between the 
SANEC and the SWCC to exchange information and to coordinate 
efforts in developing the desalination technology programs 
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Table 4.1. Activities and responsibilities of the Saudi 
Arabian Nuclear Energy Commission (SAUEC) 
Branch Responsibilities 
Regulations and 
Standards Authority 
(RSA) 
Licensing and En­
vironmental Protection (LEPO) 
Transfer of Nuclear 
Technology Admin­
istration (TNTA) 
1. Providing guides, regulations and 
standards pertaining to nuclear 
energy utilization. 
2. Nuclear plants inspection 
3- Enforcement of nuclear regulatory 
rules 
4. Supervision of implementation of 
quality assurance programs 
5. Testing of components and equip­
ments 
1. Issuing construction and opera­
tion permits 
2. Examination of environmental 
impact statements 
3. Licensing of operators 
4. Operator training 
5. Review of site selection pro­
cedures 
6. Monitoring of effluents and dis­
charges from nuclear plants to 
assure releases within permissible 
levels 
7. Nuclear material assay and ac­
countability 
1. Providing information and data 
2. Development of supporting in­
dustries 
3. Acquisition of spare parts and 
administration of warehouses 
4. Providing national research and 
development base 
5". Exploration of viability of using 
advanced nuclear systems 
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and in transferring nuclear technology and related R&D. 
Also, conmnmication must be established between SANEC and 
the MA¥ in providing appropriate information relevant to 
planning and development of water resources. Similar feed­
back need to be established with both of the ME and the MM. 
The communication may be developed through formal channels 
and through a special executive level committee within the 
SÂNEC with members from each of the ministries and the SWCC 
to oversee the nuclear program coordination. Success of 
the program will greatly depend on the effectiveness of the 
coordination and communication plans. The SWCC may become 
responsible of preliminary studies, planning, coordinating 
and conceptual designs in nuclear projects. Applications 
for construction or operation permits of nuclear desalina­
tion and/or power plants, should be submitted to the LEPO 
section of the SAEEC. The presence of single licensing 
agency would accelerate issuring permits and licenses and 
shorten the costly lead time involved. In the United States, 
construction permits have taken up to 59 months, averaging 
about 20 months, to process. Operating licenses have been 
issued in a period from 9 to 30 months, averaging about 20 
months. The main function of the RSA would include direct­
ing the quality assurance programs during the design, con­
struction, and operation. However, other quality assurance 
programs must be established by contractors and the operation 
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headquarter management. The ESA will also be responsible 
to adapt international standards and regulations in addition 
to developing new ones and solving generic regulatory prob­
lems. Design, construction and operation guides and pro­
cedures will be needed and should be available in local 
language and other languages if necessary. As shown in Fig. 
4.8, the plant staff organizations are responsible to the 
nuclear program headquarter staff organization for safe 
operation and maintenance of the plant. Both the headquarter 
staff and the plant staff organization cooperate with SAÎ1EC, 
especially in the safety aspects of the project. 
4.6.2. Nuclear -program headquarters 
The responsibility of nuclear program headquarters 
staff is the study, design, operation, and future design 
modifications for all nuclear desalination plants in Saudi 
Arabia. The SWCC, with proper coordination with the ME and 
the MAW, controls the headquarter staff organization, de­
salination plant staff organizations, and establishes the 
scope of project studies, as well as evaluate bids to select 
the study consultant. Figure 4.9 shows the proposed head­
quarter staff for nuclear desalination in Saudi Arabia. The 
number of individuals in each unit is estimated and given. 
The functional responsibilities of some of the organization 
units are given in Table 4.2. Some groups report directly 
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Fig. 4-.9 (Continued) 
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Table 4.2. Functional responsibilities of some of the 
nuclear desalination headquarter staffing in 
Saudi Arabia 
Individual or 
Group Functional Responsibilities 
Study Consultant 
Vice Superintendent (Engineering) 
Engineering Con­
struction Group 
Study and planning 
Safety 
Plant procurement, construction 
monitoring, test preparations, 
project follow-on, industrial par­
ticipation, transmission, distri­
bution 
Environmental 
Protection Group 
Site selection, monitoring and 
emergency preparedness 
Power Generation 
Group 
Project participation, operating 
staff training and qualifications, 
technical service, maintenance and 
fuel management 
Production Department Economical construction of nuclear, 
fossil fuel, diesel, and hydro 
facilities ; operation, maintenance 
and operation of the system control 
center, load management and dispatch 
Project Manager Appointment of committees and 
group members under his supervision, 
control and supervision of design, 
procurement and construction of the 
plant, coordination of the coopera­
tion between the safety committee, 
quality assurance, warehouse, and 
all other sections under his control 
Safety Committee Advise on plant and reactor safety 
matters 
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Table 4.2 (Continued) 
Individual or 
Group Functional Responsibilities 
Quality Assurance 
Group 
QA program organization, program 
review and audit 
Assistant Project 
Manager 
Assist project manager in all his 
responsibilities to have a success­
ful project 
Safety Group Design safety systems and pro­
cedures, implement the safety com­
mittee , recommendations 
Design Review 
Group 
Review the design completed by the 
Project Engineering group after 
the Project Engineer approval 
Planning and 
Scheduling Group 
Estimates costs of labor and plant 
construction, schedules and arranges 
stages of the construction 
Sponsoring Authority 
Group 
Establishing the scope and param­
eters of the study, select the 
study consultant 
Cost Estimation 
Group 
Provides realistic and accurate 
estimation of the project cost 
Project Group (headed by Project 
Manager) 
Coordinates activities between dif­
ferent engineering sections, re­
views and approves designsj bidders 
lists, purchase specifications, 
drawings and plans submitted by the 
Architect-Engineer, makes drawings, 
maintains a comprehensive QA pro­
gram 
Confutation Group Provides services to the project 
manager and the technical groups 
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Table 4.2 (Continued) 
Individual or 
Group Functional Responsibilities 
Procurement Group Reviews and checks equipment list 
and process conditions to reduce 
final design costs 
Project Engineer Performs assignments and orders 
from the assistant project manager 
related to the project group for 
the safety operation of the plant, 
guides his staff 
Electrical Group Reviews the electrical designs, 
installs all electrical systems 
including plant power and lighting, 
emergency power supplies, protective 
relaying. and plant generation 
output to the switchyard 
Nuclear Group I Reviews logic, equipment, arrange­
ment and installation of nuclear 
detection- radiation monitoringj 
plant protection and emergency in­
strumentation and control systems; 
evaluates the nuclear fuel cycle; 
reviews accident analyses 
Nuclear Group II Establishes and coordinates en­
vironmental programs; reviews de­
signs, equipment specifications, and 
arrangement of the nuclear steam 
supply system (NSSS), radwaste 
sysems, engineered safeguard sys­
tems and nuclear auxiliary systems; 
reviews designs, equipment specifi­
cations, and arrangement of the 
turbine generator systems and 
auxiliaries 
Quality Assurance 
Manager 
Directs the QA program 
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to the SWCC5 namely the standardization, long-term planning 
and transfer of technology groups. The scientific and infor­
mation agencies may be established independently to supply 
the SWCC, the SAIJEC and other organizations in the country 
with the necessary scientific information, technical tools 
and documents. As shown in Fig. h.9, the engineering sector 
is separated from the administration sector and both report 
directly to the superintendent. However, both sectors must 
maintain adequate links through proper communication chan­
nels. 
The high level of management in the organization may 
form a working group to work closely with the preliminary 
studies contractor. This sponsoring authority group would 
play an important role in the organization since it will be 
familiar with the rules of the COM, SWCC, MFNE and other 
government branches. At the same time, members of the work­
ing group will be in daily direct contact with all the 
planning and supervision of the projects. Consequently, the 
group will be able to report to the higher authorities and 
to other groups in the study team. 
The planning and scheduling group would play an im­
portant role especially in the case of elongated construc­
tion periods of large nuclear desalination plants. The cost 
estimation group selects, in cooperation with engineering 
divisions, the most reliable and economical equipment 
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components and sources of energy for each part of the 
project. This responsibility involves many details. For 
example; to produce a 3.78 x lO^m^/day (100 mgd) distilled 
water about three million tons per day (700 mgd) of water 
are needed in addition to the substantial amount of energy 
needed to transport, heat, cool, or filter this huge amount 
of water (80). To accomplish this task requires careful 
selection of an economical source of energy as well as 
proper equipments and materials. An optimal selection can 
result in a significant reduction in the total cost of the 
project. The effect of each phase of the project on the 
overall cost of a project has to be continuously checked. 
As shown in Fig. ^.9, great emphasis are placed on the 
warehouse, research and computer facilities, and the quality 
assurance. All these units report directly to the project 
manager due to the importance of their tasks especially in 
nonnuclear countries. In developed countries, the existence 
of supporting industries provides an interrupted supply of 
spare parts, computer codes and research facilities which 
is not the case in developing countries, such as Saudi 
Arabia. Thus, the headquarter organization is responsible 
for the availability of supporting services and supply of 
all components and tools. 
Quality assurance (QA) should be given more emphasis 
in Saudi Arabia than in developed countries due to the lack 
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of local experience in other industries and due to the turn­
key arrangements used in many of the existing industrial 
operations. Consequently, a strong QA program needs to be 
established to check designs and specifications before re­
ceiving any equipments or items for the plant. The QA group 
should be adequately trained to supervise all phases of pur­
chase, design, construction and operation. Table 4.3 shows 
the personnel involved in the QA committees. Complete 
records of QA should be documented of all stages of design, 
procurement, manufacturing, installation and construction, 
startup, and operation. 
The labor evaluation and motivation group, under the 
supervision of the project engineer (Fig. 4.9) is essential 
and is of a wide responsibility at the start of the program. 
The evaluation of the labor should include conduct at the 
job, ability to adapt, speed in comprehension and per­
formance, attitude towards supervisors and subordinates, 
cooperation with others, etc. The group may become re­
sponsible for testing and certification of labor and making 
recommendations on length of working shifts and frequency 
of retraining. Motivation of the labor force should be 
under continuous surveillance to develop appropriate in­
centive condensation programs. 
Table ^.3» Personnel for quality assurance committees for the design, procurement, 
construction, and operation phases 
Procurement Phase Construction Phase Operation Phase Design Phase 
Project Manager 
QA Manager 
QA Engineers 
Safety Committee 
Warehouse Group 
Siting and Safety 
Group 
Design Review 
Group 
Planning and 
Scheduling Group 
Project Manager 
QA Manager 
QA Engineers 
Procurement Group 
Warehouse Group 
Safety Committee 
Planning and 
Scheduling Group 
Vice Superintendent (Engineering) 
Project Manager 
QA Manager 
QA Engineers 
Manager Site Con­
struction 
Safety Committee 
Planning and 
Scheduling Group 
Chief Engineer of 
Operation 
Vice Superintendent (Engineering) 
Project Manager 
QA Manager 
QA Engineers 
Operation and 
Testing Group 
Safety Committee 
Plant Safety 
Committee 
Planning and 
Scheduling Group 
Chief Engineer of 
Operation 
Assistant Chief 
Engineer of 
Operation 
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^.6.1. Plant staffing 
A typical plant staff organization is illustrated in 
Fig. ^.10. The number of full time employees proposed at 
the nuclear desalination plant is 169. In addition, some 
foreign experts may be assigned to each group. Again, great 
emphasis are placed on the warehouse group. Table 4.4 shows 
the functional responsibilities of some groups in the plant 
staff organization. The Chief Engineer of Operation has 
absolute authority to shut down the reactor in case of 
emergency. The operations group consists of 39 persons 
headed by the operation supervisor who must be a licensed 
senior operator. 
4.6.4. Research and development 
The nuclear program would greatly benefit from encourage­
ment of local research in nuclear desalination conducted by 
Saudi Arabian specialists from different disciplines. This 
can be realized by cooperation between the SWCC and the local 
universities. Graduate studies may be established with the 
goal of preparing graduate students to conduct research work 
at both the universities and the S¥CC. Also, communication 
between researchers and the local industry would help the 
planners to obtain accurate data on water and electric power 
demand for their industries. 
Possible communication channels between government. 
REPAIRMAN (3) 
STOREKEEPER (1) 
CLERK 
TYPIST (4) 
REPAIRWN WELDER (3) 
CHEMICAL 
ENGINEER (1) 
UTILITY mN 
NUCLEAR (3) 
REPAIRMAN CONTROLS (3) 
UTILITYMAN 
NUCLEAR (1) 
CHEMICAL 
TECHNICIANS(3) 
REPAIRMAN 
APPRENTICES (1) 
RECORDS AND 
LEDGER GROUP (4) 
ADMINISTRATIVE 
SUPERVISOR (1) 
RECORDS AND LEDGER 
SUPERVISOR (1) 
MECHANICAL 
MAINTENANCE 
SUPERVISOR (1) 
CHIEF ENGINEER OF OPERATION (1) 
ASSISTANT CHIEF ENGINEER OF OPERATION (3) 
MECHANICAL 
MAINTENANCE 
ASSISTANT 
SUPERVISOR (1) 
Fig. *+.10. Proposed plant staffing for a typical nuclear desalination 
plant in Saudi Arabia {three 8-hour shifts) 
ENVIRONMENTAL 
ENGINEER (1) 
ENVIRONMENTAL 
TECHNICIAN (3) 
ELECTRIC 
TECHNICIAN (6) STATION SERVICES ENGINEERS (3) 
OPERATION SAFETY 
COMMITTEE (9) 
NUCLEAR RESULT 
ENGINEERS (3) 
PIPING AND LAYOUT 
TECHNICIANS (6) 
ELECTRICAL 
MAINTENANCE 
SUPERVISOR (1) 
PIPING AND 
LAYOUT ENGINEER 
POWER PLANT 
AND SUBSTATION 
ELECTRICIAN (6) 
REACTOR AND PLANT 
PERFORMANCE ENGINEER (1) 
ELECTRICAL 
MAINTENANCE 
ASSISTANT 
SUPERVISOR (1) 
Fig. 4.10 (Continued) 
CHEMIST (3) 
ACCOUNTS (2) 
SECURITY 
FORCE (12) 
PROCESS 
ENGINEER (1) 
CONTROL OPERATORS (6) 
TECHNICAL 
ADVISORS (6) 
ADMINISTRATIVE 
CLERK (6) 
AUXILIARY 
OPERATORS (12) 
MATERIAL 
TECHNICIAN (3) 
WAREHOUSE 
SUPERVISOR (1) 
OPERATION 
SUPERVISOR (1) 
SHIFT 
SUPERVISOR (6) 
TYPIST (2)(ENGLISH LANGUAGE) 
PROCESS 
TECHNICIAN (3) 
TYPIST (2)(ARABIC LANGUAGE) 
RADIATION 
PROTECTION 
ENGINEER (1) 
CONTROL ASSISTANT 
OPERATORS (9) 
OPERATION 
ASSISTANT 
SUPERVISOR (3) 
RADIATION AND 
CHEMISTRY 
TECHNICIAN (6) 
INSTRUMENTATION 
AND CONTROL 
ENGINEER (3) 
WAREHOUSE 
ASSISTANT 
SUPERVISOR (1) 
DESALINATION 
UNITS MATERIAL 
ENGINEER (1) 
ASSISTANT 
RADIATION AND 
CHEMISTRY 
TECHNICIAN (3) 
Fig. ^.10 (Continued) 
I8l 
Table Functional responsibilities of some of the 
nuclear desalination plant staff (Saudi Arabia) 
^^^^Group^ Functional Responsibilities 
Chief Engineer of 
Operation 
Operation Supervisor 
Radiation Protection 
Engineer 
Chemist 
Operation safety, shut down in case 
of emergency 
Responsible to the chief engineer of 
operation for safety operation, super­
vises implementation of instructions 
and procedures 
Advises the Chief Engineer of Opera­
tion on all aspects of radiological 
protection 
Chemical control of water purity in 
the reactor system and desalination 
units 
Operation Group Monitors and operates nuclear, mechan­
ical and electrical equipment, fuel 
handling, and radiation and chemistry 
surveillance 
Operation Safety 
Committee 
Mechanical Main­
tenance Group 
Give advice to Chief Engineer of 
Operation concerning reactor opera­
tion and experiments 
Daily repairs and adjustments, equip­
ment inspection, overhauls, alterations, 
modifications 
Electrical Main­
tenance Group 
Warehouse Group 
Reactor and Plant 
Performance Group 
Maintenance, inspection, and modifi­
cations of all electrical equipments, 
instrumentation, and controls 
Purchasing, stocking, and providing 
spare parts 
Plant tests, nuclear performance, 
special nuclear material and fuel ac­
countability, turbo-generator and 
thermal cycle performance 
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Table 4.4 (Continued) 
Functional Responsibilities 
Radiation and 
Protection Group 
Administration 
Group 
Records and Ledger 
Group 
Water treatment, water disposal, radi­
ation protection and shielding, routine 
radiation monitoring, laboratory 
analysis. 
Accounting contracting services, 
auditing reports and surveys 
Keeps records of: (a) Operation at each power level in­
cluding routinely pertinent data 
regarding system operation, op­
erators action, and details of 
abnormalities occurring (b) All maintenance activities (c) Periodic checks and inspections (d) Radioactivity levels in liquid 
and gaseous wastes released to 
the environment (e) Radiation exposure for all 
persons entering the controlled 
area in the plant (f) Routine plant radiation and 
contamination surveys (g) Off-site environment monitoring 
surveys 
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industry, SWCC, and universities are schematically shown in 
Fig. ^.11. The Department of Planning and Development of 
Nuclear Desalination may specify the demand, including that 
of local industries. The function of the Headquarter Staff­
ing Organization in this case is to conduct preliminary re­
search studies to identify the relevant problems for the 
research institutions to assure practicality of research. 
The organization would also filter and check the research 
results to assure applicability. The research institutions 
would be mainly formed within the local universities; that 
is Riyadh, King Abdul-Aziz, King Faisal, and Petroleum and 
Minearl Resources Universities. Some research, however, 
can be conducted by private consultants or by foreign uni­
versities, and especially by the Saudi Arabian graduate 
students studying in foreign countries. R&D programs may 
be conducted under the auspices of the TNTA. The newly 
formed King Faisal Foundation in Saudi Arabia for research 
could sponsor additional research programs. The nuclear 
desalination R&D may include: safety and environmental 
aspects; solar, geothermal, advanced energy systems, and 
Red Sea minerals ; nuclear energy development (fission, 
fusion, nuclear material production, nuclear fuel); and 
conversation (water, electricity, fuel economy). 
The success of the research undertaken by the local 
universities is limited due to unavailability of sufficient 
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information and to the difficulties for the universities 
to be engaged in mission oriented studies. 
4.7. Manpower Assessment 
4.7.1. labor force 
Labor force limitations in Saudi Arabia are the po­
tential major constraints on the development of the country. 
During the execution of the first five year plan (1970-1975) 
the growth rate of Saudi Arabian and foreign labor force is 
estimated at 3-7 percent and 4.2 percent respectively (28). 
Table 4.5 shows the number of workers in the establishments 
of the private sector by regions in 1973 (28, 8l). The non-
Saudi workers in private establishments are about double the 
Saudi workers. In reality, the foreign labor market is the 
most inç)ortant source of workers in the Kingdom of Saudi 
Arabia at all occupational levels as shown in Table 4.6. 
Operation, equipment service and sales, and agriculture jobs 
which require special skills are usually held by Arabs from 
outside the peninsula. Europeans dominate the manpower mar­
ket in fields which require technical, scientific, or manage­
ment expertise. Most of the office workers are Asians. 
The structure of the labor force is continuously chang­
ing (28) as shown in Table 4.7. The manpower in the agri­
culture sector decreased from 28.3 percent in 1970 to 20.5 
percent in 1975 while in the construction sector the manpower 
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Table 4.^. Workers in the private sector establishments 
by regions (1972) 
Number of 
Regions Establishments 
Saudi 
Number % 
Non-Saudi 
Number % 
Total 
Central 
Western 
Eastern 
Northern 
Southern 
16,169 
26,105 
9,931 
2,205 
4,281 
1,159 
1,480 
3,751 
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246 
17 
21.7 
55 
2.7 
3.6 
3,914 
3,512 
4,594 
888 
972 
28.2 
25.3 
33.1 
6.4 
7 
5,073 
4,992 
8,3^5 
1,072 
1,218 
Total 58,691 6,820 100 13,880 100 20,700 
Table 4.6. Foreign workers entering the private sector in 
1973, by occupational group 
Type Number Percent 
Skilled operation and equipment 4,772 45.3 
Technical and scientific 3,772 35.8 
Service 853 8.1 
Office 558 5.3 
Managers 390 3.7 
Salesmen 105 1.0 
Agriculture 84 0.8 
Total 10,534 100 
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Table 4.7. Employment by economic activity (1970 and 1975) 
Number Employed. Percentage Percent (thousands) Change Distribution 
1970 1975 1970-1975 1970 1975 
Agriculture, fishing 311.9 311.2 0.2 28.3 20.5 
Nomadic 133.9 11^.9 14.2 12.1 7.5 
Mining & quarrying 25.7 2+5.6 77.4 2.3 3.0 
Manufacturing 36.1 46.5 28.8 3.2 3.0 
Utilities 12.2 18.3 50.6 1.1 1.2 
Construction lifl.5 314.2 122.0 12.8 20.6 
Commerce 130.2 211.0 62.1 11.8 13.9 
Transport, communica­
tion, storage 62.1 103.2 66.2 5.6 6.8 
Community, social and 
personal service 137.5 188.4 37.0 12.5 12.4 
Subtotal private 
sector 991.1 1,353.3 36.5 89.8 88.9 
Public Administra­
tion^ 60.8 85.2 40.1 5.5 5.6 
Education 38.5 62.5 62.3 3.5 4.1 
Health 13.4 21.1 57.5 1.2 1.0 
Subtotal public 
sector 112.7 168.8 49.8 10.2 11.0 
Total 1,103.8 1,522.1 37.9 100 100 
^Includes civilian defense employees. 
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increased from 12.8 percent to 20.6 percent in the same 
period. 
V.7.2. Scientific and technical personnel 
The lack of skilled Saudi Arabian manpower has been 
clearly recognized in the first five year plan (1970-1975) • 
The shortage is greater yet in meeting the development de­
mands of the second five year plan (1975-1980). Both of 
the government and the industry are spending a great effort 
to provide local adequate supply of skilled and trained man­
power to meet the requirements of development and industrial 
expansion in the future. Rapid harnessing of the human re­
source necessitates increase in the wages, provision of 
motivations, attraction of foregin high quality skills and 
mixing them with the Saudis, initiation of intensive train­
ing programs within the country and abroad. Table 4-. 8 shows 
an estimation of the work force during the second five-year 
plan (1975-1980) (28). 
Several programs are underway to ex^)and the educational 
and training systems in the Kingdom and improve their qual­
ity. Table 4-. 9 gives the expected increase in the number 
of students to be graduated in 1975 and 1980. In addition 
a total of 2,5^ Saudis were sent abroad at the end of 1975 
to study in foreign universities in various disciplines in­
cluding nuclear engineering. Those include 1,603 B.S. and 
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Table 4.8. Estimated required manpower by occupational group, 
1975 and 1980 (in thousands) 
Occupational §âSâi Hon-Saudl 
Group 1975 1980 Increase 1975 1980 Increase 
1975-80 1975-80 
Managers, 
Officials 
7.4 8.7 1.3 6.3 12.4 6.1 
Professionals 48.4 52.9 4.5 15.7 23.5 7.8 
Technicians and 
subprofessionals 25.0 33.4 8.4 31.4 81.3 49.9 
Clerical workers 67.5 99.6 32.1 31.4 121.8 90.4 
Sales workers 82.3 97.2 14.9 47.1 112.6 65.5 
Service workers 105.2 134.5 29.3 47.1 145.2 98.1 
Operatives 40.0 57.1 17.1 25.1 51.4 26.3 
Skilled workers 70.1 93.5 23.4 47.1 101.9 54.8 
Semiskilled 
workers 170.0 265.0 95.0 62.8 162.5 99.7 
Total 615.9 841.9 226.0 314.0 812.6 498.6 
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Table 4^ 9. Estimated graduates by educational program, 1975 
and 1980 
Number of Graduates Increase 
1975 1980 1975-1980 
Elementary 31,118 58,536 27,418 
Intermediate 14,717 28,207 13,490 
General Secondary 4,202 9,404 5,202 
Industrial Secondary 297 1,650 1,353 
Commercial Secondary 328 1,146 818 
Agriculture Secondary — —  131 131 
Science & Mathematics — —  1,099 1,099 
Higher Commercial — — 312 312 
Higher Industrial h2 106 64 
College Education 1,062 3,747 2,685 
Total 51,766 104,338 52,572 
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B.A., 362 M.A. and M.S., and ^ 8l Ph.D. students. Statistics 
on women's education is not included in Table 4-.9 since 
women participation in the industrial development of the 
Kingdom is limited "by the religious and social structure of 
the country. 
4.7.1. Human resources development 
The Manpower Planning Department was created within 
the Central Planning Organization of Saudi Arabia to co­
ordinate the overall development and utilization of human 
resources both in Saudi and non-Saudi segments of the labor 
force (28). Also, the Institute of Public Administration 
(IPA) has launched a campaign to assist in personnel train­
ing for government administration, including those for in­
dustrial management and financing. The goal of the IPA pro­
gram is to reach training level of 27,000 persons by the 
year 198O, compared to 4,000 trainees in 1975* 
Further steps were taken to develop the human resources 
in Saudi Arabia; such as the establishment of the Labor Af­
fairs Program of the Ministry of Labor and Social Affairs. 
The activities of this program include legislation of labor 
laws and providing labor services, information and training. 
Labor offices are located in 25 areas as shown in Fig. 4.12. 
The training programs which are planned for the 1975-1980 
period are listed in Table 4.10. 
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Table 4.10. Labor affairs trainees (1975-1980) 
Program Location of Training 
Saudi Abroad Total 
Arabia 
Labor inspection 15 
Labor health and safety 
services 20 
Labor services 60 
Labor disputes settle­
ment 75 
Labor information and 
general administration 165 
33 
18 
12 
48 
38 
60 
75 
177 
Total 335 63 398 
Present plans call for increase in the number of stu­
dents enrolled in schools including universities. The num­
ber of university students in the 1975-1980 plan is about 
double that in the previous five year plan. Emphasis are 
also made on technical education. The current five year 
plan includes provision to expand industrial education pro­
grams at high school or secondary school level. The goal 
is to have at least 1,600 graduates annually by the year 
1979-I98O (28). The enrollment in the Higher Industrial 
Institute is planned to increase from 105 students in the 
1974-75 academic year to 375 students in 1979-80. New 
19^  
disciplines will also be introduced to meet the future in­
dustrial needs. 
4.7.4^  Training five year plan 
Planned training for manpower in the Kingdom of Saudi 
Arabia during the five year period of 1975-1980 involves 
two governmental agencies. The I PA within MFHE and the Vo­
cational Training Department (VTP) within the Ministry of 
Labor and Social Affairs. The VTP offers youth training 
programs to provide manual skills for either the private or 
the public sectors. Figure 4.13 shows the existing and 
planned vocational training centers. Three of the centers 
were established in 1974 in Riyadh, Jeddah, and Dammam with 
the aim to provide boys l4 to 17 years old with basic skills 
in industrial and commercial trades (28). The expected 
graduates of the VTP by 1980 are shown in Fig. 4.l4. In 
addition to vocational training, all ministries have de­
veloped their own special training programs. 
4,7.5'. Nuclear energy and desalination 
Many of the present training and human resources pro­
grams will provide local skills of adequate caliber to work 
in the nuclear energy program and in power and desalination 
plants. The educational and vocational programs are geared 
to provide high quality welders, technicians, electricians 
and maintenance personnel in sufficient quantities. Recently, 
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emphasis were placed on management and engineering educa­
tion. A national capability is being built gradually in the 
fields of nuclear engineering, nuclear physics, desalination 
technology, electrical power and chemical engineering. The 
development of national nuclear programs would draw on man­
power from the expanding desalination plants and partially 
on the modest effort of the nuclear energy program under the 
MPMR. There is also a source of excess manpower in desali­
nation and nuclear power in the neighboring countries. In 
addition, it is an opportune time to recruit foreign nuclear 
energy experts and workers from the U.S. and several Euro­
pean countries due to the uncertain status of nuclear pro­
grams in those countries at the present time. Pressure from 
nuclear energy opponents in nuclear countries has caused a 
drop in ordering nuclear power plants and has resulted in 
eliminating or curbing application programs including nu­
clear desalination. 
.^8. Manpower Requirements for Dual-Purpose 
Nuclear Plants 
Tables 4.11 and 4.12 show the estimated number of per­
sons required for the headquarter and plant staffing, re­
spectively, of a dual-purpose nuclear desalination and power 
plant in the Kingdom of Saudi Arabia. The plant staffing 
manpower should be multiplied by the number of the planned 
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Table 4^ 11. Proposed headquarter staffing for a nuclear 
desalination plant in Saudi Arabia 
Number Group or Number Group or 
Persons Individual persons Individual 
1 Superintendent 
? Standardization Group 
7 Long-term Planning 
Group 
5 Transfer of Technology 
Group 
1 Vice Superintendent 
(Administration) 
2 Personnel 
2 Public Relations 
3 Licensing 
3 Recruitment 
5 Manpower & Training 
Group 
1 Vice Superintendent 
(Engineering) 
5 Bid Evaluation 
3 Production 
5 Chemical Group 
9 Transmission and Dis­
tribution Design Group 
9 Safety Committee 
if Sponsoring Authority 
Working Group 
6 Cost Estimation Group 
10 Confutation Group 
5 Procurement Group 
6 Environmental Group 
1 Project Engineer 
1 Civil Group Leader 
if Gas Systems Group 
7 Nuclear Design Group 
7 Research and Computer 
Facilities Group 
5 Warehouse Group 
5 •Rngi Tieering and Con­
struction 
if Piping and Layout Eng. 
if Process Engineering 
6 Environmental Engineer­
ing 
3 Power Generation 
5 System Facility Planning 
1 Project Manager 
if Quality Assurance Eng. 
1 Assistant Project Manager 
5 Siting and Safety Group 
5 Health Analysis Group 
17 Site Construction Group 
6 Design Review Group 
if Planning and Scheduling 
Group 
if Operation and Testing 
Group 
5 Service for Foreign 
E&perts 
2 Electrical Group 
8 Nuclear Group I 
2 Process Engineering 
Group 
Table 4.11 (Continued) 
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Number 
of 
Persons 
Group or 
Individual 
Number 
of 
Persons 
Group or 
Individual 
2 Chemical Engineering 
Group 
8 Nuclear Group II 
4- Labor Evaluation & 
Motivation 
Piping and Layout 
Engineering Group 
Mechanical Engineering 
Group 
Total = 231 
Table 4.12. Proposed plant staffing for a nuclear desalina­
tion plant in Saudi Arabia 
Group or Group or 
Persons Imimdaal Persons Individual 
1 Chief Engineer of 
Operation 
3 Assistant Chief En­
gineer of Operation 
20 Warehouse Group 
4 Process Engineering 
Group 
12 Security Force 
40 Operation Group 
4 Desalination Units 
Material Group 
13 Radiation Protection 
Group 
5 Records & Ledger Group 
4 Environmental Group 
7 Reactor & Plant Per­
formance Engineering 
Group 
14 Electrical Maintenance 
Group ' 
7 Piping & Layout Group 
7 Administrative Group 
4 Chemical Engineering 
Group 
15 Mechanical Maintenance 
Group 
9 Operation Safety Com­
mittee 
Total = 169 
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nuclear desalination plants to estimate the total required 
plant staffing manpower. Actually, "building more than one 
plant will reduce the number of persons needed since many 
activities will be duplicated in different installations. 
4.8.1. Qualifications and training 
Operation of dual-purpose nuclear desalination plants 
requires a certain level of qualifications, training, and 
experience. Table 4.13 lists the mlni mum required quali­
fications and experience of some of the skills in the plant 
staffing. Since there is no nuclear power plants or re­
search reactors at the present time in the country and 
there is no construction design or operation experience in 
the nuclear field, training of the first generation of Saudi 
workers may be done in foreign countries. The training 
would include classroom instructions, operator training on 
plant simulators, acquaintance with actual operation of nu­
clear reactors similar to those which may be used in Saudi 
Arabia. Both of the instructions and simulator training 
may be conducted in Saudi Arabia. The instructions should 
include basic nuclear courses as those listed in Table 4.14. 
The second stage of training includes tests for operation 
licensing and working for two years in plant operation. The 
written test for operator license and for senior operator 
license should cover the topics listed in Table 4.l4 (64). 
Table ^ .13. Required degrees and field experience for some of the staffing organi­
zation 
Position Required Degree Minimum Required Experience 
Chief Engineer and 
Assistant Chief 
College degree or 
equivalent in Science 
or Engineering 
Operations 
Supervisor 
Electrical Main­
tenance Supervisor 
Mechanical Main­
tenance Supervisor 
Operation Safety-
Committee 
Radiation Protection 
Group 
College degree or 
equivalent in Science 
or Engineering 
College degree in 
Electrical Engineer­
ing 
High school education 
and two years tech­
nical education 
M.S. in Science or 
Engineering 
College degree in 
Chemistry 
Five years experience in design, 
construction, startup, or opera­
tion of nuclear desalination 
plant facilities. The Assistant 
Chief Engineer requires a senior 
operator's license if the Chief 
Engineer does not have one. 
Five years experience in the 
startup or operation of nuclear 
power or desalination plants 
facilities. A senior operator's 
license. 
Three years experience. 
Five years experience in main­
tenance of plant equipments, 
including two years in super­
visory position. 
Five years experience. 
Five years experience in radia­
tion protection. 
Table 4.13 (Continued) 
Position Required Degree Minimum Required Experience 
Chemist 
Reactor & Plant Per­
formance Engineer 
Nuclear Result 
Engineer 
Station Service 
Engineer 
Shift Supervising 
Engineer 
College degree in 
Chemistry 
College degree in 
Science or Engineering 
College degree in 
Science or Engineering 
College degree in 
Science or Engineering 
High School and two 
years technical educa­
tion 
Two years experience in plant 
technical work. 
Two years experience in plant 
technical work. 
Two years experience in plant 
technical work. 
Two years experience in plant 
technical work. 
Three years experience. 
Warehouse Supervisor 
or Warehouse Assistant 
Supervisor 
High School and two 
years technical educa­
tion 
Five years experience. 
Table 4^ l4. Basic courses for the organization staff senior operator, and 
licensed operators 
Basic courses for the organization Basic courses for operator^  written 
staff during training tests 
(1) Basic mathematics and general (1) Principle of reactor operation 
science (2) Features of facility design 
(2) Basic nuclear physics (3) General operating characteristics 
(3) Reactor operation (^) Instruments and control 
(^) (?) Safety and emergency systems Core performance (6) Standard and emergency operating 
(?) Radiation protection 
(7) 
procedures 
Radiation control and safety (6) Plant chemistry (8) Reactor theory 
7) Instrumentation & control (9) Radioactive material handling, dis­
(8) 
posal, and hazards 
Operating characteristics (10) Specific operating characteristics 
(9) Desalination by multistage (11) Fuel handling and core parameters 
flash process (12) Administrative procedures, condi­
tions, and limitations 
T^he licensed operator should cover the first seven courses, and the licensed 
senior operators should cover all the courses. 
20if 
The final stage of training is achieved locally on the job. 
The training program should start step-by-step from the time 
of construction. Saudi Arabian workers will then gain more 
on-the-job experience in constructions, startup, and opera­
tion. No similar experience can be gained on the desalina­
tion side of the plant; however, training may be adequately 
achieved in present nonnuclear desalination plants. Simu­
lators may be designed to include the desalination process 
for operator training and licensing. In addition, building 
a small prototype nuclear desalination plant with a small 
size reactor may be useful. Actually, prior to the intro­
duction of nuclear energy as a source for power generation 
and water production by desalination local research reactors 
and prototype experimental facilities must become available 
to provide realistic data and experience relevant to the 
nuclear desalination technology in the country. 
Other necessary requirements for the organization staff 
of the nuclear desalination are given in Table De­
tails of the basic knowledge required of the engineer-in-
charge, shift supervisor, and shift operators have been 
described by Watson, including the topics to be covered on 
desalination (24). 
Educational requirements of the headquarters and plant 
staff may be assessed using Table 4.13 and Fig. 4.9 and 
4.10. The total number of personnel for every degree is 
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Table 4^ 15* Necessary requirements for the organization 
staff 
1. Should have minimum information about desalination 
a. general technology of desalination 
b. the multistage-flash distillation process (ÎKF) 
c. heat transfer and fluid mechanics principles 
related to the MSF process 
2. Should have minimum information about nuclear reactors 
a. general basics of nuclear reactors 
b. radiation and health protection 
c. reactor safety 
d. reactor heat transfer and fluid mechanics 
3. Passing successful health examination before working 
in the plant 
4-. Should have short courses in: 
a. installation 
b. reactor physics 
c. reactor theory 
d. health physics 
e. radiation effects 
f. radiation safety 
g- deaslination heat transfer 
h. corrosion problems 
i. general safety procedure related to the plant 
in case of fire 
5. For the manager or manager assistant, the minimum re­
quired education is B.Sc. or equivalent level of 
training in Engineering and Science. Also he should 
have at least a month of training in a nuclear de­
salination plant operation. 
6. For a chief operator, a technical high school is re­
quired as a minimum education, in addition to a month 
of training in a nuclear desalination plant operation 
at least. 
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tabulated in Table 4^ 16. As a scenario the recommendation 
to build four nuclear desalination plants in Saudi Arabia 
by the year 1991 may be considered (82). The training pro­
gram may start by the year 1980. Consequently, a total of 
20 Ph.D., 87 M.S., and 220 B.S. degrees and 3^ 8 technicians 
are required by 1980 which is possible for higher degrees 
according to the data given in Table 4-.9 and Fig. ^ .15» 
Nevertheless, this goal may be hard to achieve with respect 
to the number of technicians since the graduated number in 
1980 from vocational and training institutions is 106 as 
given in Table 4.9. 
Thus, in this case, the number of students in higher 
industrial education may have to be increased to make avail­
able 348 technicians for nuclear desalination plants, in 
addition to those required by other industrial sectors in 
the country. This can be done in three phases: 
Phase I, 1979-1983 
1. Start training program for those ^ o have the 
acquired degrees, 
2. Start an education program for large enough number 
of persons so that the required manpower becomes 
available at the end of the plan, 
3. Start preliminary studies and the planning stage. 
Phase II, 1983-1987 
1. Continue training for those ^ o got their education 
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Table 4.16. Estimated number of required degrees for 
headquarter and plant staffing for nuclear 
desalination in Saudi Arabia 
Headquarter Plant Plant 
Degree Staffing Staffing Staffing 
(each) (four) 
Ph.D. in Nuclear Engineering 5 — —  —  —  
Ph.D. in Chemistry if — —  
Ph.D. in Chemical Engineering 2 — —  —  —  
Ph.D. in Science or Engineering 7 — —  
Ph.D. in Congjuter Science 2 — —  —  —  
M.S. in Nuclear Engineering 8 — —  
M.S. in Chemistry 5 — —  — —  
M.S. in Chemical Engineering 2 — — —  —  
M.S. in Science or Engineering 31 9 36 
M.S. in Conçuter Science 5 — —  
B.S. in Nuclear Engineering 16 3 12 
B.S. in Chemistry 4 5 20 
B.S. in Chemical Engineering 12 1 4 
B.S- in Science or Engineering 48 i4 56 
B.S. in Electrical Engineering 16 3 12 
B.S. in Mechanical Engineering 8 2 8 
B.S. in Civil Engineering if 
High School education plus 
two years technical educa­
tion (technicians) 87 348 
Total 179 124 496 
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U = UNDERGRADUATE 
M = M.A. & M.SC. 
P = Ph.D. & DSC. 
USA EUROPE ARAB EASTERN 
COUNTRIES COUNTRIES 
.^15. Number of Saudi Arabian students studying in 
other countries (1972/1973) 
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during phase I, 
2. Start the construction of the plants. 
Phase III, 1987-1991 
1. Complete the construction, 
2. Conduct plant surveillance testing, startup and 
ascension to power. 
4.8.2. Safety personnel 
Special consideration is given here to the personnel 
safety groups and committees due to the importance of their 
role in plant safety. Two safety committees will be dis­
cussed, the safety committee and the operation safety com­
mittee. Industrial safety in nuclear plants is not con­
sidered here because of its similarity to other industries. 
In addition, the construction contractor is responsible for 
most of the industrial safety provisions within the guide­
lines set by the local government and labor organizations. 
Furthermore, most of the important items of the industrial 
safety are included in the nuclear safety. 
4.8.1. Safety committee 
The members of the safety committee should be hired on 
a part-time basis, except the secretary. The typical safety 
committee consists of the following members (66): 1) exper­
imental reactor physist; 2) theoretical reactor physist; 
3) health physist; 4) expert on nuclear reactor operations 
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and technology; 5) instrumentation and control engineer; 
6) nuclear engineer with experience in design; 7) reactor 
metallurgist; 8) reactor chemist; 9) chemical engineer. 
The first five members constitute a minimum recommended 
size. The committee should meet regularly twice or three 
times a year and should participate early in the project to 
provide necessary recommendations, especially at the start 
of construction and operation. 
4.8.^ . Operation safety committee 
The operation safety committee is responsible for all 
operations and experiments, especially in case of making 
modifications on operation procedures or schedules. The 
committee may consist of members of the same number and 
qualifications as the members of the safety committee but 
should draw on different persons. The committee is super­
vised by the Assistant Project Manager (Fig. ^ .9) and meets 
once or twice per month. The committee is considered as a 
part of the plant staffing organization, and reports di­
rectly to the Chief Engineer of Operation. 
4.9. Implementation Problems 
4.9.1. Knowledge transfer 
One of the most important expected problems in the use 
of nuclear desalination in nonnuclear countries is the 
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knowledge transfer, including the lack of technical infor­
mation and plant design documentation. Concerned govern­
ments could establish independent scientific agencies to 
provide computerized information retrieval, selective dis­
semination of information, and translation of scientific 
books and documents into local languages. Such agencies may 
be encouraged to compete with each other to avoid stagna­
tion. However, it is preferred that they cooperate with 
local universities and with institutions in neighboring 
countries. This would be a long term strategy, however, 
necessary knowledge may be transferred in the short run 
during the period of planning and design through contacts 
between foreign experts and the local scientists and en­
gineers. In addition, a "Data Bank" may be established to 
store all information pertinent to design, maintenance, 
inspection, operation, optimization, quality assurance, 
and all technical aspects of nuclear desalination. 
4^ 9.2. Foreign experts 
The dependence of Saudi Arabia on foreign experts in 
the nuclear desalination program may cause some difficulties 
in the future. Those include frequent change of personnel 
since most foreigners prefer short term assignments tdiile 
they are often needed for longer periods to complete their 
work. Many of the imported skills lack the sense of dedi-
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cation and effectiveness. Since some foreigners are not 
looking for a long term career, they do not use their cap­
abilities. Foreign experts often use outdated or alien 
techniques which are not compatible with the local environ­
ment. The ruggedness of the nature and weather conditions 
in addition to the living difficulties in Saudi Arabia dis­
courage highly qualified foreigners to stay for extended 
periods and may only attract incompetent second class en­
gineers or scientists. In any situation optimum use of 
experts require that the Saudi Arabian decision makers, 
scientists, and engineers whould participate with foreign 
experts in all phases of the program to provide insight 
into local conditions and assure proper planning and project 
execution. In addition, foreign skills are imported from 
different countries and hence cultural and language dif­
ferences may create problems within one location (24). It 
would be very useful for foreign skills to study the local 
language at least for one year before starting on their 
jobs. However, this can hardly be done for experts unless 
they are planning on long association with the program. 
4.9.1. Manpower shortage 
Shortage in local skills is attributed to the fact 
that most of the people with no college degrees prefer trade 
business over technical careers due to the income difference. 
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This problem can be alleviated by offering adequate wages 
and fringe benefits, by motivation and by encouraging tech­
nical students to continue in their fields. In addition, 
many workers may be highly compensated during training in 
the construction of the nuclear desalination plants. Other 
prospects of motivation of college graduates is to provide 
potential senior staff members with the opportunity of 
orientation in operations of similar natures in foreign 
countries. Also, a group of qualified nuclear engineers 
may be encouraged to participate in reactor design and to 
frequently visit nuclear installations. 
4. 9.4. Maintenance and spare parts 
Inadequate maintenance and difficulties in getting 
spare parts are expected to be major problems in implemen­
tation of nuclear projects. Thus,a priori arrangements 
should be made to establish reliable management program for 
maintenance, and to provide a first class warehouse. It is 
also necessary to encourage the start of local supporting 
industries. In addition, efficient maintenance program 
may be possible if the operating and maintenance instruc­
tions are translated into local language and assurances were 
made to award the contracts of operation and maintenance 
to highly qualified companies. 
21^  
4.9.9\ Forecasting 
Poor forecasting is coimnon in developing countries due 
to unplanned fast growth. For example, in Libya the actual 
peak demand of the dual-purpose desalination plant of Sirte 
was2MWg, while the installed capacity was 21 MW^ (20). 
Another example is the Ganzour plant, libya, which is built 
with rated capacity of 23,000 m^/day while the consumption 
is only 2,100 m^/day (20). In Saudi Arabia the forecast of 
electric power demand has been always subject to under esti­
mation. Actually, the generated electric power in several 
locations is less than the current demand in those local­
ities. Such disparity between short term forecast and 
actual demand is a result of fast growth in development 
and is an indication of poor management procedures. 
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5. DECISION-MAKING 
5.1. Introduction 
In Chapter 4 it is pointed out that successful imple­
mentation of nuclear desalination projects and safe opera­
tion of the constructed plants in developing countries 
require establishing a sound management organization and the 
use of systematic scientific techniques in planning and in 
conducting long-term as well as daily managerial tasks. 
Since decision-making is one of the main functions of man­
agement at different levels it is important to apply tested 
decision theory techniques especially in matters of policy, 
projection and planning. This will provide young unex­
perienced managers with training on the use of systematic 
but yet flexible approaches to reach final conclusions. 
Decision theory also forces the decision-maker to think of 
outcomes, pros and cons of alternative solutions and to make 
careful projections and extrapolations. 
In this chapter an important and valuable method of 
choice between alternatives in the decision-making process 
is outlined and then applied to the problem of selecting 
managerial approaches. The method can be applied to vari­
ous other points of decision which will be uncountered in 
nuclear desalination projects in developing countries. The 
exançle given here is also selected with the intention to 
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decide on the best way for management, whether to only rely 
upon foreign experts as is currently done in many develop­
ment projects or to use computerized systems and local people 
as is the recent trend in Saudi Arabia. 
Making decisions is an ic^ ortant and integral part of 
planning and management in all aspects of our livss. De­
cisions range from the simple, easy and certain to the com­
plicated and uncertain. Sometimes, we find ourselves in a 
position where we must make a decision on several choices 
without exactly knowing the outcome of any of the available 
alternatives. This is especially true in the long-term 
planning of confiez issues which involve many unforeseen 
and variable factors. Consequently, several authors (83-
87) have emphasized the necessity of considering the uncer­
tainties involved in analyzing such decision problems. In 
fact, \(ôienever there are many uncertain factors which may 
affect the decision maker's views, decision theory offers a 
better guide to their action. Decision analysis is a con­
cept and procedure for systematically analyzing problems in 
a rational manner designed to improve the decision-making 
process (88). This can be done by breaking up confiez de­
cision problems into a number of relatively smaller decision 
problems so that the quantification of the decision makers' 
preferences and their judgment can be introduced. Smith 
(89) has introduced the fundamentals of the decision theory 
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through a presentation of a comprehensive problem. Spetzler 
and Zamora (90) gave the "basic roles for analysis of decision 
alternatives and decision analysis cycle. 
Although decision theory is that procedure which takes 
account of all available information to give us the "best pos­
sible logical decision, Keeney (88) indicates that there is a 
limitation on the usefulness of the decision theory analysis 
approach. This limitation is the lack of analytical proce­
dures for systematically assessing utilities for multidimen­
sional utility functions. It should be stressed that this is 
not a weakness of the concept or theory of decision analysis, 
but a current limitation on its implementation (88). 
The first stage in setting up a structure for decision­
making is to express the outcome of any decision by a numer­
ical value. This is \daat is know now as the "utility theory". 
Luce and Raiffa (83) studied the way of developing this 
theory. The utility theory is a mathematical theory in which 
we attempt to measure people's attitudes or preferences toward 
multiple objectives by means of numerical utility functions 
(91). This can be done by expressing the utility function in 
terms of money (92) or arbitrary numbers (93)- Actually, one 
should differentiate between utility and probability. The 
fundamental difference between the two is that utility shows 
the individual's evaluation and experience, while probability 
is an objective property of random events, verifiable by 
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experiments, and not a matter of personal experience. One 
of the very iiz^ ortant steps in applying the utility theory 
is to .draw a learning curve. The slope of this learning 
curve depends on the previous experience and people's atti­
tude toward certain factors (9^ , 95)* Better results will 
depend on the level of prediction of the people's attitude, 
and good expectation for future results. This will be clear 
in the stage of analyzing the different alternatives, and 
the measures of effectiveness (or attributes). 
The purpose of this study is to apply the decision 
and multiattributes utility theories in a trial to select 
the best solution in solving the nuclear desalination man­
agement problem in Saudi Arabia. Although it is believed 
that this technique is the best to be used until now, there 
is no guarantee that this will lead to the most profitable 
results. This is because there is no guarantee that the 
factors and knowledge used in this analysis will be the 
same without change for the required periods of time. We 
must distinguish between a good decision and a good outcome 
(96). 
The second section of this chapter discusses the multi-
attribute utility theory. The third section formulates the 
problem including five alternatives and 1^  measures of ef­
fectiveness. The analysis is discussed in Section 5*^ } 
while the summary of results is given in Section 5*5* 
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5.2. Theory 
5'. 2.1. General 
The two major developed theoretical approaches to multi-
attribute assessment are the theory of conjoint (97-99), and 
the multiattribute expected utility theory (86, 88, IOO-IO3). 
The theory of conjoint simultaneously constructs the 
overall and single attribute utility functions (10^ ). The 
conjoint measurement in its additive form can be represented 
by (104-) : 
n 
F(x^ ,X2,. .. . .2^ ) = 2^  fj^ (z^ ) (5.1) 
where, 
= the state of the outcome X = (x^  ^ Xg,... ,Xj ,... ,x^ ) 
in the i^  ^attribute; 
f^  = the utility function over the states of the i^  ^
attribute ; 
F = the overall utility function. 
The conjoint measurement representation F is suitable to be 
used by the decision makers for riskless decisions, but it 
cannot necessarily be used in the case of risky decisions 
where the alternatives are uncertain and multiattributed. 
For decisions under risk, the multiattribute expected 
utility theory will be useful. The additive expected util­
ity representation is of the form (104) : 
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m n 
UCx-, ,3U,...,Z.,x_) = 2 p. I u. (x, . ) (5.2) 
-L  ^ J ™ j=l J i=l  ^
where, 
X = (x^ X^g,... ,Xj ,... ,Xg^ ) is a risky attribute for 
which the multiattribute outcome x^  is received 
if event occurs; 
Pj = the probability of this event; 
X. . = the state of the i^^ attribute of outcome x-; 
X J J 
u^  = the utility function over the i^  ^attribute; 
U = the expected utility function for the risky 
alternative x. 
Keeney (86, 105) proved that if x^  ^is preferentially 
independent of x _ for all i,j and if x. is utility inde-
 ^J 
pendent of for all i, then u(x-, ,X2,.. • ,x^ .,... ,2^ ) is 
either an additive or a multiplicative function of the 
u^ (x^ ). 
The additive utility function (106) is the most com­
mon approach for evaluating multidimensional consequences 
in the case of decision problems involving uncertainty. 
Debreu (107) has shown that the utility function may be 
written as: 
U(x) = F[u2^ (X]^ ) ,U2(Z2) ,... ,u^ (z^ ) ] (5.3) 
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if each sector is separable, and that, if at least three 
sectors are essential. In n dimensions, the utility func­
tion can be written as (106, 108): 
• U(X^ ,2^ ,. . . ,2^ ) = + . . . 4- ... 
+ (?.W 
v±iere u^ (x^ ) is a utility function defined over the at­
tribute. 
The main advantage to the utility function is its rel­
ative simplicity. The assessment of the n-dimensionsl util­
ity' function is reduced to the assessment of n one-dimen-
sional utility functions, and adequate systematic procedures 
do exist for assessing one-dimensional utility functions 
(84). The main limitation of this method is the difficulty 
in knowing vôiether the as suscitions are reasonable in a 
specific real problem. This difficulty arises because these 
assumptions reflect the individual's or group's personal 
preferences of the decision-makers which may not be correct. 
5".2.2. Forms of the utility function 
Raiffa (IO3) and Kenney (88, 109) show that the two-
dimensional utility functions in certain cases could be 
evaluated from: 
u(x,y) = u^ (x) + Uy(y) + ku^ (x)uy.(y) 
;diere k is an empirically evaluated constant. 
The utility functions with two- and three-attributes 
had been derived by Keeney (106). Those are given below in 
Equations 5-6 and 5-7, respectively. 
u(y,z) = u(y-,z) 
uCy-, ,Zn) -uCy-, ,z ) 
+ a(y "(yo'Z) -a(7o,z) 
+ [ ] "tT'Zo) 
= uCy^ jz) + u(y,ZQ) 
u(y^ ,ZQ)u(yQ,z^ ) 
72)^ 3^  = + ^ 1^ 1 (^ i) + ^ 2^ 2 ^^ 2^  + ^ 3^ 3 
+ ^ £5^ 12(72)^ 3(^ 3) + Î^ Tii(yi)^ 2^ 2^^ 3^(^ 3^  
(2.7) 
lîote that Equation 5*6 can be written as: 
u(y,z) = u(y^ ,^z) + u(y,ZQ) + ku(yQ,z)u(y,ZQ) ($".8) 
where k is an empirically evaluated constant defined by: 
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k = [ll(7i,Zi) - - uCypyZ^ )] (^ .9) 
u(7i,Zo)u(yo,Zi) 
For more tban three attributes, the exact form of the 
utility function u, scaled from zero to one, is given "by 
where 
u^  = a utility function over scaled from zero to one; 
= a scaling factor for u^ ,^ must he zero to one; 
k = another scaling factor. 
Keeney (105) showed that: when Z k^  =1, then k = 0 and 
when 2 k^  ^  1, then k 0. If k = 0, then Equation 5*10 
reduced to ttie additive form: 
(105) ; 
n n 
u(x^ ,Z2,...,2^ ) = s + k S S kj^ kju^ (x^ )uj(xj) 
1—J. 1—JL J /CL 
(5.10) 
n 
u(z:2,z^ ,... ,z^ ) = 2 kj^ u^ (x^ ) 
i—1 
(5.11) 
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And if k ^  0, Equation ^ .10 reduces to the multiplicative 
form (86, 105, 110): 
n 
1 + ku(x^ ,x2,... ,3^ ) = n [1+kk^ u^ (2^ ) ] . (5.12) 
i—1 
Thus, the additive form can be considered as a limiting case 
of the multiplicative utility (105). In Equation 5-12, u 
and Uj^  are utility functions scaled from zero to one, and 
are scaling constants with 0 < k^  <1. And k > -1 is a 
nonzero scaling constant. When k is positive, then 
u*(x) 5 1 + ku(x) and u|(2^ ) = 1 + kk^ u^ (2:^ ) are utility 
n 
functions over the appropriate domains and u*(x) = .Ç uî(z< ) « 
_L 
When k is negative, note that u*(x) = -[ku(x) +1] and 
ut(x^ ) = -[1 + kk^ u^ (z^ )] are utility functions over z and 
respectively, so -u*(x) = (-1)°' u^ (2^ ). 
5.3. The Problem 
One of the most important problems of the management 
of planned nuclear desalination plants in the Kingdom of 
Saudi Arabia is the lack of Saudi Arabian manpower. The 
author believes that the success of future desalination 
projects will greatly depend on the system of management 
employed in such projects. 
Five planning alternatives are proposed here, as dif­
ferent five solutions for the problem of nuclear desalination 
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management in Saudi Arabia over the next 20 years. These 
are based on the use of 
I. experts only; 
II. computer, and conçuterized machines, which will 
minimize the number of workers; 
III. mixture between experts and computer; 
IV. local workers Tidao had been trained in similar 
plants in foreign countries ; or 
V. experts phased out with trained locals. 
To evaluate the alternatives, l4- measures of effective­
ness (attributes) are proposed. These are: 
x^  = Cost in millions dollars per year. This cost in­
cludes the estimated salaries for all the staff 
organization, their housing rent, transportation, 
research materials, and running cost for the 
buildings (research materials and running costs 
are considered as 50^  of the total staff salaries). 
Xg = Overhead cost in millions dollars. This includes 
the cost of the buildings, congjuters, and equip­
ment facilities needed for the management organi­
zations . 
Xg = Acceptability. To show how the local workers 
accept the orders from higher position members, 
and how to accept to work with foreign workers. 
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Adequate sources probability. To know whether 
there are enough sources of needed local workers, 
foreign experts, and equipments. 
Compatibility. The compatibility of the workers 
(local or foreign) with the projects and new 
atmosphere. 
Lead time, i.e., the required time to study the 
project. 
Project success. 
Continuity. The continuity of the workers (local 
or foreign) in the same job. Twenty-five years is 
considered as an average time during which a per­
son can serve in a certain job. 
Field experience. It is assumed that the best is 
20 years, because it is expected that the person 
vho had more than 20 years experience will be very 
old and cannot spend much effort for his work. 
Updating probability, which is the probability of 
updating the design data and design modifications. 
Language learning period. This is to show the 
required time to learn a foreign language if local 
workers went to a foreign country for training, or 
the required time for foreign experts to leam the 
Arabic language before coming to work in Saudi 
Arabia. 
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x^ 2 = Manpower resources development in persons per 
year. It is believed that the best will be 100 
persons/yr for the manpower resources development 
for nuclear desalination organization, until find­
ing the required manpower. 
= Construction time. This is the required time to 
construct the nuclear desalination plants. 
= Dedication of the workers. 
Although the author believes that the above 14- measures 
of effectiveness are the most important ones, this does not 
mean that they are the only ones. Other factors-may be added 
later on if they are found to be inçortant enough to be in­
cluded. The computer analysis given here can be used to in­
clude other measures without change in the procedure. 
5.^ . The Analysis 
The multiattribute utility theory is used in this anal­
ysis to help the decision-makers for successful management 
planning of nuclear desalination in Saudi Arabia. The aim 
of this method is to calculate the utility values for the 
five alternative systems which are mentioned above. The 
higher utilities are considered to be the best, and the lower 
utilities are the worst. To calculate the utility values, 
one has to start by assessing a multiattribute "Utility func­
tion, as well as evaluating the attribute levels for each 
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of the planning alternatives. 
.^4.1. Assessing the utility function 
There are four necessary steps that should be used for 
assessing the utility function. These are (111, 112): 
1. familiarization with utility theory; 
2. investigation of the qualitative preference 
structure; 
3. assessment of the coinponent utility function; and 
assessment of the scaling factors. 
The first step of a utility assessment is to examine 
different attributes that can be used in evaluating the five 
alternatives. These attributes are discussed in Section 5*3 
and summarized in Table 5»1« The extreme values (worst or 
best) given in Table 5*1 reflect the author's best estimates 
based on assessment of current situations and previous ex­
perience. Those values may be changed according to variations 
in social situation or inflation rate. 
The second step is to determine the qualitative structure 
that indicates functional forms appropriate for quantifying 
the actual function (111). Sere, Equation ^ .12 is used for 
i = 1,...,14. To calculate the value of k, a special case 
where all the utility values are zeros will be selected. 
Then, Equation5.12 reduces to: 
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Table ^ .1. Attributes for the nuclear desalination manage­
ment in Saudi Arabia 
Attributes Units Worst Best 
1^ = Cost M $/yr 5 0.25 
Overhead M $ 100 1 
Acceptability- Subj ective 0 100 
XI, = Adequate Source Probability Percent 0 100 
Compatibility Sub j ective 0 100 
6^ ~ Lead Time Months 90 5 
Project Success Percent 0 100 
Continuity Years 0 25 
Field Experience Years 0 20 
o
 III
 
Updating Probability Percent 0 100 
H
 III language Learning Period Years 5 0.50 
III C\J Manpower Resources Develop­
ment Persons/yr 0 100 
III 
m
 
Construction Time Years 15 5 
% = Dedication Subj ective 0 100 
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Ik 
1 + k = n [1 + kk.] (5.13) 
i=l ^
1 + k = (1 + kk^ ) (1 +kk2)(l +kkg)... (1 n-kk^ i^ ) . (^ .14) 
Thus by substituting the values of k^ jk^ ,... ,k^ 2f into Equa­
tion 5'l^ j and by iteration, one can get the value of k 
vâiich should be in the range -1 <k <0 (105) • 
The third step is the assessment of the component util­
ity functions. This started by drawing l4- utility curves 
for the l4 different attributes which were described in 
Table 5-1- The slopes and values of those curves are esti­
mated according to previous experience and the attitude of 
the people in Saudi Arabia. From each of these curves, 
three points are selected to be used in calculating and 
graphing the utilities. A computer program is developed to 
do such calculations and is listed in Appendix A. 
The fourth step is the assessment of the scaling fac­
tors. To do this, one should start by assessing the con­
stants k^  to order their magnitude, and then estimate rela­
tive numerical values to those constants. The technique used 
in ordering the k^ 's is by setting all the l4- attributes 
given in Table 5»1 at their worst levels, and see which at­
tribute is more preferred to be raised to in^ rove the overall 
value. In this case, ky is selected as the best. By repeat­
ing this, the scaling factors were arranged in the order 
231 
> ki2 = kli. > = ks > > kô > > kg 
(5.15) 
These scaling constant values were estimated to be: 
k^  = 0.17 
kg = 0.13 
k^  = 0.4-9 
ki^  = 0.45 
k^  = 0.^ 9 
k^ = 0.38 
ky = 0.6 
kg = 0.29 
k^ =0.32 
= 0.29 
kii = 0.09 
1^2 -
1^3 ~ 0-23 
k^ i^  = 0.54 (5.16) 
By using those values in Equation 5'l4, the value of k was 
calculated by iteration to be k = -0.990. The program for 
this calculation is shown in Appendix A, while Appendix B 
shows the con^ uter output. 
.^4-.2. Evaluating attribute levels for each alternative 
The attribute levels give a measure of the degree to 
which a particular alternative fulfills a planning objective 
(111). These levels were estimated and summarized in Table 
5.4.3» Calculating the utility function 
The utility function values are calculated for the five 
alternatives using Equation 5»12 using values of u^ (x) 
5.2. 
Table î).2. Attributes and attribute levels for different alternatives for the 
management of nuclear desalination projects in Saudi Arabia 
Attributes Units Alternative System^  
Best Worst I II III IV V 
1. Cost M#/Year 0.29 9.00 3.90 If. 90 If. 00 2.90 3.00 
2. Overhead M$ 1.00 100.00 80.00 99.00 87.00 70.00 70.00 
3. Acceptability Subjective 100.00 0.00 19.00 100.00 90.00 80.00 69.00 
Adequate Sources 
Probability Percent 100.00 0.00 80.00 90.00 89.00 70.00 80.00 
Compatibility Subjective 100.00 0.00 90.00 70.00 60.00 90.00 70.00 
6. Lead Time Months 9.00 90.00 20.00 10.00 19.00 30.00 29.00 
7. Project Success Percent 100.00 0.00 ^0.00 70.00 99.00 90.00 80.00 
8. Continuity Years 29.00 0.00 9.00 29.00 10.00 29.00 20.00 
9. Field Bxperieno Years 20.00 0.00 19.00 10.00 13.00 2.00 9.00 
10. Updating Probabdllty Percent 100.00 0.00 80.00 30.00 90.00 90.00 80.00 
11. Language Learning 
Period Years 0.90 9.00 1.00 0.90 0.79 1.00 1.00 
12. Manpower Resources 
Development Persons/Year 100.00 0.00 80.00 99.00 87.00 79.00 70.00 
13. Construction Time Years 9.00 19.00 9.00 9.00 7.00 11.00 10.00 
1^ . Dedication Subjective 100.00 0.00 10.00 20.00 19.00 90.00 60.00 
a 
Alternative system columns: I = Experts Only; II = Computer Use; III - Mix­
ture between Experts and Computer Use; IV = Training; V = Expert Phased Out with 
Trained Locals. 
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calculated for different attributes and values of k^ 's 
estimated above. 
Computer program 
Appendix A illustrates the computer program which is 
developed to mainly calculate the following: 
1. the utility function of each attribute and to draw 
its graph; 
2. to calculate the value of k using Equation 5«1^ ; 
and 
3. to calculate the utility value of each alternative. 
5.5. Sumnary of Results 
As was mentioned above in Section ^ .h.l the 14- utility 
curves have been drawn for the different attributes to se­
lect three points on each curve as boundary conditions. 
These boundary conditions are then used to find out the con­
stants of the utility curves. The equation 
Uj_ = A + B ezp (Cx^ ) 
is used to fit the utility as function of the ith attribute, 
except for u^g, iidaere the equation u^ q = A + Bx^ q is used. 
After determining the constants, the utility values are cal­
culated and plotted in Figures 5-1 through ^ ,lh. 
By using the different attributes and attribute levels 
for different alternatives v±iich are shown in Table 5*2, the 
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COST 
tVJ 
0.25 2.15 1.20 3.10 
Fig. 5^ .1. Running cost in millions dollars per year 
23^  
X2 
VERHEAD 
Ai 
2.08 0-10 
Fig. 5.2. Overhead cost in millions dollars 
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X3 
ACCEPTABILITY 
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Fig. 5'3* Acceptability of the workers 
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PROBABILITY 
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Fig. 5A. Adequate sources probability 
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COMPATIBILITY 
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0.00 2.00 6.00 
Fig. 5-5' Compatibility of the workers 
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X6 
LEAD TIME 
m 
o 
CM 
o 
d 
0.50 5.60 3.90 2.20 
Fig. 5*6. Lead time to study the project 
24-0 
X7 
PROJECT SUCCESS 
w 
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C\J 
6.00 2.00 0.00 
Fig. 5*7. Project success 
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X8 
CONTINUITY 
o 
o-
5.00 15.00 20.00 10.00 0.00 
Fig. 5'8. Continuity of the workers 
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X9 
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o 
CD 
o~ 
O U3 
Q-
o~ 
t\J 
o 
o 
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Fig. 5*9. Field experience 
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6.00 0.00 2.00 
Fig. 5.10. Updating probability of design data and design 
modifications 
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XI1 
LEARNING PERIOD 
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Fig. 5*II* Language learning period 
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XIS 
RESOURCES DEVELSP 
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Fig. 5*12. Manpower resources development in persons/year 
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Fig. 5-IS* Construction time for the nuclear desalination 
plants 
247 
(D 
Q 
(O 
d 
a 
ru 
o 
6.00 2.00 0.00 
Fig. 5.14. Dedication of the workers 
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Table 5* 3* Utility value for the five alternative solutions 
Solution Utility Value 
I 0.785 
II 0.968 (Best) 
III 0.845 
IV 0.9^ 9 (Second Best) 
V 0.84? 
utilities functions calculated for each of 
the alternatives I through V. Then, those utilities func­
tions are used in Equation 5» 12 to get the utility values of 
the five alternatives. The results are summarized in Table 
5.35 which shows that the best choice is alternative II, and 
the second best is alternative IV. 
5.6. Conclusion 
The results summarized in Table 5.3 show that the best 
solution for the nuclear desalination management in Saudi 
Arabia is to use the computer and computerized machines, 
which will minimize the number of workers. The second best 
is to use the local workers who had been trained in similar 
plants in foreign countries. This result confirms the out-
2k-9 
come of a qualitative assessment of present management 
schemes in Saudi Arabia which shows that in order to have a 
successful project, all the management workers should be 
local personnel familiar with the local conditions. How­
ever, it may be necessary to use foreign experts in some 
jobs other than management positions. 
Since it is believed that the management workers should 
be local, and there is a shortage of workers within the 
country, therefore the best solution, at least during the 
early stages, is to use the computer and computerized ma­
chines until enough number of well-trained locals become 
available. 
Obviously, personal attitude and experience of the 
decision-maker affect the attributes which influence the 
decision. Such attributes include the cost, overhead, ac­
ceptability, adequate sources probability, compatibility, 
lead time, project success, continuity, field experience, 
updating probability, language learning period, manpower 
resources development, construction time, and dedication. 
If these factors or the valuation of these factors change 
then the result may be change. However, the result will be 
based on educated guesses of outcomes, evaluation of the 
state-of-the-art and careful assessment of alternatives. 
Consequently, the decision will be much superior to hasty 
and spontaneous decisions. The technique described here 
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may be applied to other decision tasks using the same pro­
cedure. 
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6. SAFETY CONSIDERATIONS 
6.1. Introduction 
Recently, several developing countries have finalized 
agreements to import nuclear power plants. Table 6.1 shows 
a list of nuclear power plants, operable,^  under construc­
tion, or on order in some developing countries (42). Prac­
tically all other countries are considering nuclear energy 
as a major element in future development Aether as part of 
short term or long term plans. The desire to acquire nuclear 
technology is in many cases independent of national energy 
demands. The realization of this goal for a given country 
depends on its human and monetary capital. The large in­
vestments and the specific qualification of manpower re­
quired for construction and operation of nuclear power plants 
have made some of the developing countries hesitant to ser­
iously consider the nuclear energy option even when it is 
needed the most. In many situations, scattered electrical 
power demand centers and low consumption of electric energy 
in addition to the cost involved in inefficient plant utili­
zation have discouraged planners of pursuing their ambitious 
projections. In fact, development of economical small and 
U^p to very recently, only Argentina, Bulgaria, India, 
Pakistan, and Spain had nuclear power reactors under com­
mercial operation. 
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Table 6.1. 
Country 
list of nuclear power plants, operable, under 
construction, or on order in some developing 
countries 
Operable Under 
Construction 
On Order 
Net 
MWe Type^  
Net 
MWe Type^  
Net 
MWe Type^  
319 PHWR 600 
626 
1245 
PWR 
PWR 
1245 PWR 
440 
440 
PWR 
PWR 
II 
PWR 
PWR II 
PWR 
PWR 
II 
PWR 
PWR 
200 
200 
202 
BWR 
BWR 
PHWR 
C
v
lO 
o
 o
o
 
O
 CM 
(M 
Cv
J 
C\
J 
CM 
CM 
CM 
CM 
CM 
PHWR 
PHWR 
PHWR 
PHWR 
PHWR 
Argentina 
Brazil 
Bulgaria 
Hungary 
India 
Iran 
Korea 
Mexico 
Pakistan 
1200 
1200 
900 
900 
56V 
605 
629 
65V 
654 
PWR 
PWR 
PHWR 
BWR 
BWR 
PWR 
PWR 
PWR 
PWR 
125 PHWR 
PHWR = pressurized heavy water moderated and cooled 
reactor; PWR = pressurized water reactor; BWR = boiling 
water reactor; GCR = gas-cooled reactor. 
253 
Table 6.1 (Continued) 
Operable Under On Order 
Construction 
~ 'ml :: 
Rumania 
South Africa 
Spain 
Taiwan 
Yugoslavia 
440 BWR 
480 GCR 
l53 PWR 
890 PWR 
890 PWR 
900 PWR 
900 PWR 
930 BWR 
900 PWR 
900 PWR 
604 BWR 
604 BWR 
951 BWR 
951 BWR 
907 PWR 
907 PWR 
615 PWR 
440 PWR 
922 PWR 
922 PWR 
937 BWR 
937 BWR 
970 BWR 
997 BWR 
1000 PWR 
medium size reactors would accelerate the participation of 
many countries in the utilization of nuclear energy. Polit­
ical factors also have a great impact on the international 
market. 
Projected global expansion of nuclear energy utiliza­
tion has surfaced several questions related to the safety 
aspects of commercial power reactors currently used in 
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nuclear countries. Answers to those questions may involve 
departure from present practice by introducing changes in 
safety provisions and modifications in the design features. 
The questions are centered around identification of global 
and local safety-related problems which are likely to arise 
in building the nuclear power capabilities of nonnuclear 
and developing countries, in establishing safety criteria 
and in setting up the ground rules for a universal safety 
philosophy that is flexible enough to accommodate for local 
constraints. In this chapter, public attitudes, safety, 
quality assurance, and the role of foreign experts are put 
into the perspective of the transfer of nuclear technology 
picture drawing on experience in both nuclear and nonnuclear 
countries. 
6.2. Public Attitude 
To provide a framework for safety analysis of nuclear 
power plants employed in developing economies, world wide 
public attitude has to be examined. 
Generally, the attitude of the people towards specific 
issues assumes variable dynamic states that change in space 
and time. Often the changes occur fast enough to make the 
prediction of a consistent pattern meaningless. However, at­
titudes towards general issues can be examined for a given 
country or a group of countries with common background at 
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nearly the same level of development. 
6.2.1. Nuclear countries 
Thus far, the major concern in nuclear countries is 
about potential diversion of nuclear materials from electric 
generating plants. The fear is world wide and the problem 
does require serious attention; however, it has been blown 
out of proportion specially by nuclear opposition factions. 
Many of the suggested approaches tend to undermine the en­
gineering ingenuity and the global implications of the issue. 
Other significant safety problems did not receive propor­
tionate due consideration. However, the general attitude 
in nuclear countries towards spread of use of nuclear energy 
is that of reservation, suspicion and doubt. Public state­
ments regarding the safe operation of nuclear power plants 
in developing countries often have a territorial overtone and 
usually reflect a "father knows best" attitude. 
The public feels indifferent towards training and edu­
cation of persons from developing countries in nuclear energy 
fields. This includes establishment of special programs for 
that purpose in nuclear countries. Many people in nuclear 
countries feel that now is the right time to harvest the 
fruits of long years of hard work and of huge monetary and 
human capital investments. Hence, they are entitled to pro­
tect their products from misuse which may eventually have 
2^ 6 
undesirable impact on their safety. Naturally, a person with 
high stakes in a given venture would be reluctant to sur­
render parts of his rights to others having lower assets. 
The vulnerability of many regions in the world to wars and 
local disturbances has created a risk aversion towards shar­
ing responsibility in an area of great uncertainties. 
Small segments of the public in nuclear countries have 
different views. Some feel that unless skills to handle nu­
clear systems are developed in nonnuclear countries and ade­
quate manpower became available nuclear energy use should not 
spread. Concern about unwillingness of some of those coun­
tries to abide to international treaties has also been ex­
pressed. Others feel that transfer of nuclear technology to 
developing countries should be accelerated under the control 
of their own country, otherwise, the competitive nuclear 
energy market may somehow encourage uncontrolled spread of 
construction of nuclear power plants. A nuclear country 
exporting nuclear reactors now could do so under strict safety 
regulations. High standards and adequate engineering safe­
guard systems could be imposed and hence, the exporting 
country would have a guarantee of the safety of operating 
such reactors. The situation may change in the future and 
the competitive nuclear energy market may be opened for in­
ferior systems to gain high fast profits. In that case, con­
trol on safety practices will be hard to implement and the 
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welfare of the general public may be endangered. The world­
wide deterioration of the economy could create such a situa­
tion. Extreme positions have also been taken by anti-indus­
trial expansion and antinuclear advocates. They feel that 
they have suffered enough from the evils of mechanization and 
industrial ventures. Consequently, they preach that efforts 
should be dedicated to save the rest of the world from the 
nuclear-energy hazard and from other industrial evils before 
it is too late. Those who are upset by enviornmental de­
terioration caused by industrial activities feel deprived of 
the beauty of nature. Hence, they advocate keeping parts of 
the world as a last resort refuge for those who are only 
willing to take the risks of the natural environment. 
However, aesthetic values are luxury for those who can 
hardly make their ends meet. 
6.2.2. International attitude 
The public attitude in nuclear countries has greatly af­
fected the in^ lementation of the many international treaties 
which have emphasized encouragement of transfer of peaceful 
applications of nuclear technology. Thus, international 
agreements emphasize initiation of training programs and 
arrangement of exchange of scientists. International agen­
cies have given special considerations to some facets of nu­
clear safety. Rules of handling radioactive and toxic ma­
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terials were set. Guidelines and recommendations regarding 
specific safety issues have been made and frequently revised. 
6.2.1. Nonnuclear countries 
People enjoying a relatively high standard of living 
are more concerned of improving quality of life as well as 
quantity compared to those who are still in the developing 
stage and ^ o are more concerned about the quantity. Thus, 
the public attitude in nonnuclear countries is geared towards 
acquiring modern goods and sharing the benefits of local in­
dustrial expansion. This attitude is affected to a great 
extent by political, economical and social factors which 
vary from one place to the other. The public attitude any­
where is rather sensitive to the state of world affairs and 
hence is often unpredictable. 
The public in most developing countries is anxious to 
develop strong industries, to maximize the use of local hu­
man and material resources in improving the standard of liv­
ing and in acquiring means of comfort, and to have self-
determination in planning future development. This attitude 
has often resulted in hasty decisions and underestimation of 
the time element. In many countries, people have a lot to 
gain and nothing to lose taking into consideration all cred­
ible and incredible risks of nuclear power. Thus, their at­
titude is that of aggressiveness and willingness to gamble 
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and share the risk. Other facets of the public attitude in 
those countries include opposition to industries completely 
controlled by outsiders, concern about economic loss caused 
by international politics, and fear of establishing a new 
elite by expanding heavily in one technological sector re­
quiring special training and high level of sophistication. 
Kazi Abdul-Hasnat (AEC/Bangladesh) represents this attitude 
in the following statement quoted from a recent paper: 
Spare parts and machine components are not 
usually manufactured locally, and as a result, 
the much needed technological base is not created 
and plants remain dependent on other countries for 
repairs, maintenance, and supply of spare parts. 
This creates the following problems: (1) The lack 
of spare parts puts the units at the mercy of the 
suppliers, who can then dictate their own terms in 
fixing prices for the necessary items. A similar 
situation can result if repairs cannot be done 
locally. (2) Placing orders, shipping, clearance 
requirements, etc., take time, necessitating a 
large inventory of possible spare parts to avoid 
holding up operation and production. (3) Parts 
for models that become obsolete in the supplying 
country are no longer available, vâiich also 
jeopardizes continued operation (113, P* 116). 
Many people are also in fear of different problems of 
transfer of technology. Some of these problems are: the 
unavailability of computerized information retrieval and 
the selective dissemination of information; unavailability 
of specialist libraries xdaich contain all the up-dated 
abstracting and indexing reports, abstract bulletins, and 
bibliographies; lack of scientific agencies which include 
groups of specialist persons who work in knowledge transfer 
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and translation from foreign languages to native language; 
the technical informations for scientists, engineers, and 
technicians are not available, and in most cases they do not 
know "vriaere to find those informations; and the lack of re­
search facilities, equipments and tools, and if some equip­
ments are available like Xerox services and microforms, 
the maintenance problem is there. 
Because of the above problems of knowledge transfer, it 
will be likely here to recommend as a permanent solution 
that the government of Saudi Arabia encourage the establish­
ment of some independent scientific agencies (to have com­
petition between them) ^ riaich take care of the computerized 
information retrieval, the selective dissemination of in­
formation, maintenance and spare parts, translation of 
scientific books and documentation into Arabic language, 
etc. These agencies are preferred to cooperate with the 
Saudi Arabian Universities, and the other universities in 
the Middle East. 
Also, a great effort can be offered by the transfer of 
technology group (see Fig. 4.9), >âiich can follow many tech­
niques and methods for technology transfer. Some of these 
methods are listed in Table 6.2. These recommendations are 
considered as a permanent solution, but for the time being, 
the necessary knowledge can be transferred during the period 
of planning and design, in ^ ich the knowledge can be 
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Table 6.2. Some methods of knowledge transfer 
— Through universities 
— Technical journals and magazines, conferences 
and symposiums 
— Books 
— Special cinema and TV programs 
— Technical schools 
— Short courses in the country and also in de­
veloped countries 
— Lectures, by individuals or team of experts 
— International conferences 
— Study tours and field demonstration programs 
— Seminars^  
— National meetings 
— Special conferences within the country 
T^wo kinds of seminars are recommended to be used in 
Saudi Arabia: (1) Local seminar series, in which the ma­
terial and information given by the workers and universities 
faculty members within the country; and (2) new technology 
seminar series given by some invited international special­
ists in different areas of research. 
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transferred by contact "between the experts and the local 
scientists and engineers. It is suggested (1140, for the 
Third World development, to establish a pilot project to 
generate the necessary parametric information required for 
the design of large-scale projects within the framework of 
Third World agencies. This pilot project could generate 
sufficient information for wider scale within one or two 
seasons. During this time, local workers can be trained 
and the necessary information as well as the specialists 
professional can be transferred from the developed to de­
veloping countries. Then further studies can be made for 
large-scale projects. 
6.3* Impact of Public Attitude on Safe 
Transfer of Nuclear Technology 
Public attitude towards the safety of nuclear power 
plants is likely to indirectly shape future policies. How­
ever, development plans cannot closely follow the evolution 
of public feelings under any system of government. In the 
case of nuclear technology, the safety questions often 
raised by the public are based on the implications of the 
past history of nuclear energy. Hence, the current fears, 
doubts and challenges in the minds of the people can be 
abated by providing information and understanding and 
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giving assurances about the safety of nuclear systems. 
Public pressure in the United States of America has 
made the nuclear industry the most regulated industry in 
the whole world. Quality assurance and reliability are 
greatly emphasized in each phase of a nuclear power plant 
project. Design flaws have been eliminated in early stages. 
Inspection and highly developed testing procedures have pro­
vided high confidence in fabrication and construction prac­
tices. Consequently, nuclear industry has the best safety 
record. Nevertheless, some drawbacks have resulted from 
extreme reactions to nuclear safety, for example, unneces­
sary costly delays in construction and licensing of nuclear 
power plants. However, these problems are likely to be 
solved with the eventual understanding of the role of nu­
clear energy and the safety aspects of its use as an energy 
source. 
The public attitude in nuclear countries towards the 
transfer of nuclear technology to developing countries is 
likely to slow down the transfer process. However, this 
will indirectly stimulate the transfer of safety and qual­
ity assurance technologies which will benefit developing 
countries even in the development of nonnuclear industries. 
However, unreasonable delay in transfer of nuclear tech­
nology would lead to risky complications. Pressure by one 
or two nuclear countries to slow the process will not prevent 
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other nuclear countries from controlling the market. In 
addition, the number of nuclear energy experts in nonnuclear 
countries is rapidly increasing. Local development of nu­
clear technology can eventually be done in several develop­
ing countries especially with the fast economical growth in 
those countries. In this situation, the employed safety 
measures may become inferior compared to the current safety 
practices in nuclear countries. 
The attitude of international organizations is unlikely 
to change, although global energy policies are of current 
interest. This is because of the diplomatic role of many 
of the international agencies. Transfer of nuclear tech­
nology may, however, benefit of the information, training 
and exchange programs organized by those agencies. 
The attitude of the public in nonnuclear countries 
towards local use of nuclear technology is born by chal­
lenges of development and by the notion that the strength 
of a small country can be greatly increased by participa­
tion in nuclear energy programs. Aggressiveness and under­
estimation of the time element involved in the acquisition 
of nuclear power could result in setbacks in technology 
transfer process. This may also have a negative effect 
on the safety of operation and construction of nuclear sys­
tems. Training programs need to emphasize patience, tech­
nical decision-making, execution of cognitive tasks and 
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understanding the time factors involved in each phase of 
the project. Participation of experts from nuclear countries 
in the decision-making process may be of value provided 
that the role of experts is limited to advise rather than 
to imposing certain policies. 
In many of the developing countries slogans of equal­
ity, social justice and democracy have been taken out of 
context. Hence, confusion between class structure and man­
agement structure have resulted in resentment towards reg­
ulation and technical authorities. This phenomenon is well 
handled by proper understanding of its nature. Basically, 
it is a contemporary social change which associates evolu­
tion from rural and/or nomadic environment to industrial 
social structure. Several investigators tend to deal with 
this problem as part of the cultural background and hence, 
unworkable solutions have often been suggested. A viable 
approach towards resolving public attitude differences is 
to provide a system of public information and to carry the 
development projects gradually. 
It is important that local planners become familiar 
with the social implications of transfer of nuclear tech­
nology and recognize the associated need for changes in 
the present management structure. The transfer of nuclear 
technology across Saudi Arabian borders may involve some 
cultural and social changes in the society. These changes 
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may lead to some cultural and social problems if there was 
no careful planning of technology transfer. The optimum 
technology transfer requires the availability of technical 
manpower, who have the necessary knowledge about the re­
ligious, cultural, and social structure of the nation. 
This is to avoid any problems which may arise by blind 
technology transfer. Moreover, big attention should be 
paid for those persons vâio travel abroad for education or 
training. Many problems may arise, for example, the Ven­
ezuelans faced some problems during the Gran Mari seal de 
Ayachuco Foundation (115) • These problems were the brain 
drain, the marriage of Venezuelans to foreigners which may 
encourage them to stay in the developed countries, and a 
loss of contact with the country after several years abroad. 
6.4. Quality Assurance 
In several countries the absence of competitive mar­
kets or industries and the fact that the desire to expand 
is not supplemented by well-thought plans have placed em­
phasis on quantity rather than quality of products. This 
has led to deterioration of workmanship and negligence of 
quality assurance which does not go beyond red tape pro­
cedures. Also, the absence of heavy and precision in­
dustries and the lack of e^ erience in industrial and 
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engineering management of large projects have caused a de­
ficiency in perceiving the value of maintenance and high 
operation standards. Consequently, a safety program has 
to concentrate on; standardization; quality assurance; 
developing clear and cognizable procedures of operation, 
inspection and maintenance; availability of spare parts; 
replacement instructions; automatic control and operation; 
adequate design of control panels and rooms; tight and 
strict supervision; comprehensible alarm system and re­
liable stimuli; fail-safe protection system; passive safe­
guard systems; communication; and mitigation of isolated 
or negligence actions. The consequences of improper con­
sideration of some of these aspects could exceed the out­
come of a nuclear material diversion incident. 
However, some of these requirements may not be sat­
isfied unless special reactor designs are made for non-
nuclear countries. This option is not economically feas­
ible at this time due to the present size of the nuclear 
energy market which is insignificantly small. To insure 
high quality assurance measures in the operation of nuclear 
power plants in developing countries, emphases must be 
placed on quality and safety training of the personnel in­
volved. Training on quality control should not be limited 
to the nuclear energy sector but must be enforced in other 
activities especially those associated with power plant 
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construction and operation. This is because it is recog­
nized that the most serious problem that developing coun­
tries have experienced in such projects to date have not 
been of the type that requires additional personnel with 
advanced academic training in nuclear science and technol­
ogy (116; 117). The most serious need has been for addi­
tional personnel with practical experience and training in 
design engineering, plant operation, and installation of 
nuclear plants, as well as all aspects of project manage­
ment (116). Technicians need to be initially trained in 
industries which require precision and high quality work­
manship. Table 6.3 shows some of the industrial training 
for nuclear power in the U.S.A. (118). Control author­
ities may stimulate the interest of workers in quality 
through rewards and national slogans. This type of moti­
vation should also include supervisors, auditors and 
engineers. In addition, the good selection of personnel 
will increase the efficiency of training and transfer of 
technology. Some requirements should be the basis of selec­
tion. These are (119): age; technical or specialized knowl­
edge; general knowledge; industrial experience and the 
length of it; technological and operational complexity; 
physical activity and environmental aggressiveness; opera­
tional responsibility; safety awareness and responsibilities ; 
capacity for being self-sufficient in work; ability to coop-
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Table 6.3. 
Field of 
Training 
Some of the possible industrial training centers 
for nuclear power in U.S.A. 
Firm Place 
Air Cleaning 
Systems 
Engineering 
and 
Management 
Engineering 
and 
Subsystems 
Instrumenta­
tion 
American Air Filter Co., 
Inc. 
Ebasco Services, Inc. 
Applied Health Physics, 
Inc. 
Atomics International 
Babcock & Wilcox, 
Lynchburg 
James J. Barker 
Basic Technology, Inc. 
Black & Veatch 
Combustion Engineering, 
Inc. 
Energy Incorporated 
General Electric Co. 
General Physics Corp. 
L. Marvin Johnson and 
Associates, Inc. 
Newport New Industrial 
Corp. 
Nuclear Plant Services 
NUS Corporation 
NDSAC Incorporated 
NDTECH 
Science Applications, 
Inc. 
STAT-A-MATRIX Institute 
Westinghouse Corp., 
Pittsburgh 
Babcock and Wilcox, 
Barberton 
Combustion Engineering, Inc. 
Ebasco Services, Inc. 
Electronic Associates, Inc. 
Babcock & Wilcox, L^ chburg 
Combustion Engineering, Inc. 
Ebasco Services, Inc. 
Eberline Instrument Corp. 
General Electric Co. 
Louisville, KY 
New York, NY 
Bethel Park, PA 
Canoga Park, CA 
Lynchburg, VA 
Jericho, Long 
Island, NY 
Pittsburgh, PA 
Kansas City, MO 
Windsor, CT 
Idaho Falls, ID 
San Jose, CA 
Columbia. MD 
West Covina, CA 
Newport, VA 
Fremont, CA 
Rockville, MD 
Mclean, VA 
San Jose, CA 
Oak Brook, IL 
Edison, NJ 
Pittsburgh, PA 
Barberton, OS 
Windsor, CT 
New York, NY 
West Long 
Branch, NJ 
Lynchburg, VA 
Windsor, CT 
New York, NY 
Santa Fe, NM 
San Jose, CA 
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Table 6.3 (Continued) 
Field of 
Training Place 
Inspection 
and 
Nondestructive 
Plant 
Maintenance 
Quality 
Assurance 
and 
Control 
General Physics Corp. 
Nuclear Plant Services 
NDTECH 
Radiation Management Corp. 
VTestinghouse Electric 
Corp., Baltimore 
Westinghouse Electric 
Corp., Pittsburgh 
General Electric Co. 
Energy Incorporated 
Magnaflux Corp. 
Newport News Industrial 
Corp. 
Nuclear Plant Services 
NTJTECH 
STAT-A-MATRIX 
Superintendence Co., Inc. 
Babcock & Wilcox, 
Barberton 
Babcock & Wilcox, 
Lynchburg 
General Electric Co. 
General Physics Corp. 
Nuclear Plant Services 
Westinghouse Electric 
Corp., Baltimore 
Westinghouse Electric 
Corp., Pittsburgh 
Ebasco Services, Inc. 
Energy Incorporated 
EDS N^ uclear 
General Physics Corp. 
L. Marvin Johnson & 
Associates 
Newport News Industrial 
Corp. 
Nuclear Plant Services 
NUSAC, Incorporated 
NDTECH 
Science Applications, Inc. 
STAT-A-MATRIX Institute 
Columbia, Ml 
Fremont, CA 
Pittsburgh, PA 
San Jose, CA 
Idaho Falls, ID 
Chicago, IL 
Newport, VA 
Fremont, CA 
San Jose, CA 
Edison, NJ 
New York, NY 
Barberton, OH 
Lynchburg, VA 
San Jose, CA 
Columbia, MD 
Fremont, CA 
Baltimore, MD 
Pittsburgh, PA 
New York, NY 
Idaho Falls, ID 
San Francisco, CA 
ColumbiaJ MD 
West Covina, CA 
Newport, VA 
Fremont, CA 
Mclean, VA 
San Jose, CA 
Oak Brook, IL 
Edison, NJ 
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Table 6.3 (Continued) 
Field of 
Training Firm Place 
Radiation 
Protection 
Reactor 
Core 
Reactor 
Operation 
J.D. Stevenson, Con­
sultants 
Superintendence Co., Inc. 
Applied Health Physics, 
Inc. 
Atomics International 
Eberline Instrument Corp. 
General Electric Co. 
General Physics Corp. 
Institute for Resource 
Management, Inc. 
Magnaflux Corporation 
Newport Hews Industrial 
Corp. 
ÎTuclear Plant Services 
NTJSAC, Inc. 
Phoenix Technology Corp. 
Porter-Gertz Consultants, 
Inc. 
Radiation Management Corp. 
Science Applications, Inc. 
Superintendence Co., Inc. 
Turco Products 
Westinghouse Electric 
Corp., Pittsburgh 
Nuclear Associates 
International, Inc. 
Atomics International 
Babcock & Wilcox, 
Lsmchburg 
Combustion Engineering, 
Inc. 
Electronic Associates, 
Inc. 
General Electric Co. 
General Physics Corp. 
Institute for Resource 
Management, Inc. 
Nuclear Associates 
International, Inc. 
NUS 
Cleveland, OS 
New York, NY 
Bethel Park, PA 
Canoga Park, CA 
Santa Fe, NM 
San Jose, CA 
Columbia, MD 
Bethesda, MD 
Chicago, IL 
Newport, VA 
Fremont, CA 
Mclean, VA 
Tucker, GA 
Ardmore, PA 
Philadelphia, PA 
Oak Brook, IL 
New York, NY 
Carson, CA 
Pittsburgh, PA 
Rockville, MD 
Canoga Park, CA 
Lynchburg, VA 
Windsor, CT 
West Long Branch, 
NJ 
San Jose, CA 
Columbia, MD 
Bethesda, MD 
Rockville, MD 
Rockville, MD 
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Table 6.3 (Continued) 
Field of 
Training Firm Place 
Safety and 
Security 
Seismic and 
Shock 
Analysis 
Start-up and 
Shut-down 
Welding 
STAT-A-MATPJX Institute 
Westinghouse Electric 
Corp., Pittsburgh 
Applied Health Services, 
Inc. 
Basic Technology, Inc. 
Ebasco Services, Inc. 
Energy Incorporated 
Robert J. Kopp and 
Associates, Inc. 
Magnaflux Corporation 
Euclear Associates 
International, Inc. 
MJSAC, Incorporated 
Porter-Gertz Consultants, 
Inc. 
Radiation Management Corp. 
STAT-A-MATRIX Institute 
EDS Nuclear 
J.D. Stevenson, Con­
sultants 
Tustin Institute of 
Technology, Incorporated 
Wyle Laboratories 
Atomics International 
Babcock & Wilcox, 
Lsmchburg 
Ebasco Services, Inc. 
General Electric Co. 
General Physics Corp. 
Institute for Resource 
Management, Inc 
Westinghouse Electric 
Corp., Pittsburgh 
Newport News Industrial 
Corp. 
Edison, NJ 
Pittsburgh, PA 
Bethel Park, PA 
Pittsburgh, PA 
New York, NY 
Idaho Falls, ID 
Chicago, IL 
Chicago, IL 
Rockville, MD 
Mclean, 7A 
Ardmore, PA 
Philadelphia, PA 
Edison, NJ 
San Francisco, CA 
Cleveland, OH 
Santa Barbara, CA 
Silver Spring, MD 
Canoga Park, CA 
Lynchburg, VA 
New York, NY 
San Jose, CA 
Columbia, MD 
Bethesda, MD 
Pittsburgh, PA 
Newport, VA 
273 
erate in work relationships; good sense in exercising author­
ity; type of activity; and general efficiency and productiv­
ity (rapidity and accuracy in work). 
Unfortunately, in most of the developing economics en­
gineers lack field training especially in the area of qual­
ity assurance and control. Although most of the engineers 
in those countries have acquired high quality engineering 
and technological education they often linger behind their 
peers in developed economies. This is attributed to the 
fact that engineers in developed countries start their 
careers working under supervision of experienced profes­
sionals in purely engineering design and procurement tasks. 
In contrast, engineers in developing countries are entirely 
involved in administrative work. Their first assignments 
usually include powerless supervision of projects under 
very rigid rules. This can be partly corrected by offering 
a good training program for local scientists and engineers 
in nuclear countries. And then, those persons who trained 
abroad must be given a chance (after they come back to their 
countries) of continuing the same work they had started in 
their training period. This will increase the effectiveness 
of the transfer of experience and knowledge. One more thing 
should be emphasized here is that the technology transfer 
cannot be iiig)lemented through sole purchase of a nuclear 
facility (120). But it should be through cooperation with 
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scientific research institutes and laboratories. A good 
example of this is the training of an Argentine physicist 
who spent 42 months at the Karlsruhe Nuclear Research Center 
Cin Germany), first to work on a program concerned with the 
measurement of cross sections of iron and uranium, which 
allowed him to obtain his doctorate at an Argentine uni­
versity, and later for calculations on the optimization of 
the fuel cycle costs of the Atucha Nuclear Power Plant (in 
Argentine) with modified Karlsruhe computer codes (120). The 
knowledge and experience which he gained had enabled him to 
fill a position in which he is responsible for the whole 
core and fuel management of the Atucha Nuclear Power Plant. 
Moreover, in developing countries, most of the designs 
are done by big foreign companies. This does not give a 
chance for the local engineers to share in the design stage. 
They may share only in the design applications and modifica­
tions. Therefore, the author believes that the local en­
gineers and scientists should share any foreign company in 
the planning and design stage. Also they should have a 
complete design and operation documentation so that they 
can do design modifications in the future after the foreign 
ez^ )erts go back to their home countries. 
Adequate maintenance and quality assurance in develop­
ing countries require the development of supporting indus­
tries. Inçorting spare parts, inspection equipments and 
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tools, and foreign experts is not an effective method in 
establishing quality assurance programs due to delays in 
importing procedures and conçlications on relying on foreign 
experience. 
The involvement of foreign personnel in operation, in­
spection and maintenance is likely to cause communication 
gaps and increase the potential of negligence, sabotage and 
isolated accidents. Safety procedures are best implemented 
by delegation of responsibility to local people, by partici­
pation of local technical personnel with experienced out­
siders in designing and developing instructions and pro­
cedures, and by motivation of local groups to think safety 
and quality and to provide solutions and devise measures for 
prevention of accidents including diversion of nuclear ma­
terials incidents. 
Centralization of authorities in one group is a general 
practice in all industrial activities in many developing 
countries. Although this system has functioned efficiently 
in presence of small industrial activities such system is 
not adequate in large nuclear projects. Formation of an 
independent quality assurance group is deemed necessary. 
Specific authorities must be delegated to the group which 
reports to the superintendent of the plant. This would 
eliminate a state of diffused responsibilities and would 
help pin-pointing flows in execution of quality assurance 
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procedures. Such management system has been tested in de­
veloped countries and was found to he more reliable than 
combining the quality control with other activities in the 
plant which is the present practice in many developing 
countries. 
6.5» Safety Regulations 
In dealing with regulations and standards of safety, 
decision must involve the customer and exporter. Field 
experience has shown that iirçjosition of rules leads to chaos 
even under strict external control. Local economic and 
humanistic balance has to be made in setting up safety 
criteria for the design through cost-benefit analysis 
especially for those countries wherein the economic element 
is rather critical. Some of the safety measures employed 
in nuclear countries are deemed insufficient in some situa­
tions and unnecessary in others; for example, stringent con­
tainment designs may or may not be needed depending on the 
site; on the rated power of the plant; and on the economic, 
social and political stability of the country. 
To assure compatibility of safety regulations with the 
local situation in a given country, a group of experts from 
that country may set the rules and procedures. The group 
should act independently of the authorities involved in the 
purchase and operation of the nuclear power plants to assure 
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objectivity. The proposed regulations can be reviewed and 
revised by a team formed from: international experts, the 
local regulatory agency and representatives of the vendors 
from the nuclear country involved in the design and con­
struction of the plant. Enforcing the regulations and 
standards must be handled by the local regulatory agency. 
Foreign authorities may be consulted in resolving generic 
problems. This approach will guarantee satisfaction of the 
recipient country and would assure that safety measures are 
enforced and not overlooked by the local authority in charge 
of the project. The universities can play a significant 
role in developing the safe nuclear industry in the country 
through : teaching, research, and the elementary training 
in the college's laboratories. 
6.6. The Role of Foreign Experts 
It is clear that the transfer of knowledge from de­
veloped countries to Saudi Arabia, or any other developing 
country, will be combined with the transmission of technical 
consultant and experts. The advantage of having those 
specialist experts in Saudi Arabia is that the most of those 
experts have a good experience \diich will be very useful to 
the projects in Saudi Arabia. Also, the Saudi Arabian 
workers can get some of these experiences by working with 
those experts. But, in spite of these advantages, there 
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are some problems of using foreign experts. These problems 
are mentioned below. 
6.6.1. Time factor 
When some experts come to developing countries like 
Saudi Arabia, they need long time (months or years) to study 
the real situations within the country before proposing any 
solution. Usually developing countries cannot wait for a 
long time because their needs should be met as soon as pos­
sible (121). Therefore, some of the Saudi Arabian decision­
makers should share the foreign experts in those kinds of 
studies. By this way, they can make the decisions for the 
proper methods, and the right duration of time. 
6.6.2. Unseriousity of the experts 
Some of the experts, when they sign the contract to 
work in one of the developing countries, are not seriously 
interested in their assignment and to perform well (122). 
but their interests are in seeing different countries in the 
world. Those types of experts are trying always to get many 
vacations as much as they can without any attention to their 
work in developing countries. To avoid this problem the 
author recommends that the local engineers should supervise 
the foreign experts. It is true that it will be difficult 
for unexperienced engineers to supervise and evaluate the 
efforts of long experienced foreign everts, but this is the 
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only way to be sure of their output, to transfer some of 
their experience to the local engineers, and to minimize 
the dependence of Saudi Arabia upon foreign assistance. 
In addition to the above recommendation, a good selec­
tion for foreign experts should be done. Some principle 
qualifications (121, 123) for foreign experts are: 
— Competent in their technological specialties; 
— Cognizant, and appreciative, of the contributions 
of other experts; 
— Willing to exert the energies required to attain 
the goal, even under difficult conditions; 
— Patient, and sensitive, to the desires and ob­
jectives of the host country people, and to their 
regional and national goals; 
— Experienced; 
— Imaginative; 
— Ability to adapt to a different environment; 
— Adaption of the family to a different environment. 
6.6.3. Foreign techniques 
Most of the foreign experts try to transfer the same 
techniques, i^ ich were successful in their countries, to 
Saudi Arabia. Most of these techniques are not efficient 
in Saudi Arabia because of different social and economic 
structures. They need to know more specific information 
about the local conditions, so that they can apply their 
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techniques to Saudi Arabia. For this, it is recommended 
here that the local workers share the foreign experts in 
their original studies. This will cause two advantages. 
First, the local workers can get an experience and learn 
how to handle the problem and the way of analyzing the sit­
uation. Second, they show the local conditions and struc­
ture to the experts so that they can make a relistic study 
that fit our problems. 
6.6.^. Living difficulties 
Some of the experts do not continue their work and go 
back to their countries because of some living and social 
difficulties like housing, poor communication with their 
home countries, etc. Therefore, it is recommended here that 
there should be an office which called "Foreign Experts" as 
illustrated in Fig. 4.9 vÉiich reports directly to the 
Superintendent. This office offers to foreign experts all 
the possible facilities like housing, transportation, health, 
education for their children, and arrange a good communica­
tion with their countries so that they do not feel that 
they are isolated from their home countries. Also, teaching 
Arabic language to the foreign experts and their families 
will not only help them in their technical life, but also 
will help them in communication with the new society. Many 
American families reported that they had a beautiful and 
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comfortable life in Saudi Arabia after they learned the 
Arabic language (124). 
6.7. Conclusion 
In order to guarantee safe operation of nuclear de­
salination plants, careful and steady plans for transfer of 
nuclear technology should be arranged by the Saudi Arabian 
decision-makers. The Saudi Arabian Ifuclear Energy Commis­
sion (SAÏÏEC) (Fig. 4.8) has a great responsibility to en­
courage manufacturing the spare parts and supporting in­
dustries. Also, they should supervise all the training 
programs •which are the basis of the transfer of nuclear 
knowledge. Training must emphasize quality assurance and 
following safety regulations. Whenever ezperts are used a 
good selection scheme must be devised to screen qualified 
personnel and means of motivation must be assessed and 
implemented. 
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7. SAFETY ANALYSIS OF HTGR 
7.1. Introduction 
In Section gas-cooled reactors are selected as 
the most feasible type to be used for dual-purpose nuclear 
desalination plants in the Kingdom of Saudi Arabia. High 
temperature gas-cooled reactors (HTGR) using steam cycle are 
of higher thermal efficiencies than present light water re­
actors (LWR) and hence HTGR's have substantially lower cool­
ing water requirements than LWR's. Also, because of the 
higher conversion ratios of HTGR compared to LWR, they con­
sume only about half as much uranium (125"). Table 7.1 lists 
operating gas-cooled reactors in the world (42). 
In this chapter the safety features of a typical HTGR 
are examined. For the purpose of safety analysis, the most 
critical system is selected; namely the core auxiliary cool­
ing system (CACS) . Failure of the GAGS can initiate events 
which have the highest potential of releasing radionuclides 
to the environment. A fault tree is constructed for such 
event and the PREP and KITT codes are used. 
7.2. Historical Background 
The British-designed Magnox and the French-designed 
gas graphite reactors dominate gas-cooled reactor market 
in the world. With the exception of the French G-1, carbon 
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Table 7.1. List of operated gas-cooled reactors 
Country Net MWe Type^ Number of Units 
Operation 
Date 
France ifO GCR 2 1959 & I960 
210 GCR 1 1965 Î+00 GCR 1 1967 
460 GCR 1 1969 
515 GCR 1 1971 
5^0 GCR 1 1972 
Germany 15 A7R 1 1968 
Italy 150 GCR 1 1964 
Japan 159 GCR 1 1966 • 
Spain \80 GCR 1 1972 
United Kingdom 138 GCR 2 1962 
150 GCR 2 1962 
250 GCR if 1965 
275 GCR 2 . 1965 
290 GCR 2 1965 & 1966 
300 GCR 2 1968 
590 GCR 2 1971 & 1972 
625 AGR 2 1976 
160 GCR 2 1964 
50 GCR if 1956 
50 GCR If 1958 
32 AGR 1 1963 
United States 4-0 HTGR 1 1967 
330 HTGR 1 1977 
^GCR = gas-cooled reactor; AGE = advanced gas-cooled 
reactor; HTGR = high-temperature gas-cooled reactor. 
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dioxide gas is used to exbract the heat from fuel elements 
inserted in a graphite moderator lattice structure (126). 
In the United Kingdom and France, the experience of the 
Commissariat a' l'Energie Atomique (CEA) and the United 
Kingdom Atomic Energy Authority (UKAEA) was the basis of 
the gas-cooled reactor development. During the early 1950's 
they engineered graphite moderated, natural uranium reactors, 
with off-load refueling, primarily for plutonium production. 
Commercial exploitation with the design optimized for pro­
duction of electricity and the provision of on-load refuel­
ing led to a development program by the national utilities 
of the two countries. Presently 18 reactors with total in­
stalled capacity of 5282 MWe are operating in the United 
Kingdom and six reactors of 2365 MWe are installed in France 
(127). The first of the British gas-cooled reactor power 
station came into operation at Calder Hall during 1956 (128). 
This was the forerunner of the series of Magnox power sta­
tions, •ydiich are characterized by using uranium metal fuel 
clad in a magnesium-aluminum alloy (Magnox), moderated by 
graphite and cooled with carbon dioxide under pressure. 
The stations built and operated by the Central Electricity 
Generating Board in England and Wales are at Berkeley (276 
MWe) and Bradwell (300 MWe) vôiich came into service in 1962. 
This is followed by Hinkley Point 'A' (500 MWe), Trawsfynydd 
(500 MWe) , and Dungeness 'A' (550 MWe) in 1965; Sizewell 
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(580 MWe) in 1966 5 Oldbury (600 MWe) in 1968; and Wylfa 
(1180 MWe) in 1972. 
These reactors are followed by a series of the ad­
vanced gas-cooled reactor (AGE). These reactors are simi­
lar to other COg-cooled reactors except that AGR reactors 
use uranium dioxide clad in stainless-steel, allowing some­
what higher operating temperature and ratings in the COg-
cooled graphite moderated environment. Examples of the AGR 
reactors are Dungeness 'B' (II80 MWe), Hinckley Point 'B' 
(1320 MWe), Hunter s ton 'B' (I32O MWe), and Hartlepools (1250 
MWe) (128). 
The reactors mentioned above use COg as a coolant. 
The other major class of gas-cooled power reactors is the 
helium-cooled reactor. It is also known as the high-
temperature gas-cooled reactor (HTGR). The HTGR's use 
graphite or ceramic fuel elements with graphite-coated 
enriched uranium. These elements have high surface-tem­
perature limits, 1800 °F (982 °C) or higher (126). Typical 
HTGR's are the Dragon reactor in England; the AYR or pebble-
bed in Germany; and the decommissioned Peach Bottom Atomic 
Power Station Unit 1 and the Fort St. Vrain Nuclear Generat­
ing Station in the United States. Table 7.2 gives basic 
data on gas-cooled reactors. 
The Arbeitsgemeinschaft Versuchsreaktor reactor (AYR) 
differs from the other helium-cooled high-temperature reactors 
Table 7.2. Characteristics of representative gas-cooled 
reactors (126) 
Reactor Designation/ 
Type Location Station, Reactor-
MW(e) MW(th) 
HTGR Peach Bottom (USA) ho 115 
HTGR Fort St.Vrain (USA) 330 8if2 
HTGR Dragon (UK) None 20 
HTGR AYR Pebble Bed (German) 15 he 
AGR Windscale AGR (UK) 28 X ] L 100 
AGR Dungeness B (UK) 610 X 2 1458 
AGR Hinkley Point B®" 625 X 2 1504 
Magnox Trawsfynydd (UK) 250 X 2 870 
Magnox Dungeness A (UK) 275 X 2 840 
Magnox Oldbury (UK) 300 X 2 893 
Magnox Wylfa (UK) 590 X 2 1875 
Magnox Latina (Italy) 210 705 
Gas, Graphite EDF-3, Chinon No. 3 (France) 4-76 1533 
Gas, Graphite EDF-4, St. Laurent No. 1 (France) 487 1650 
The United Kingdom is building several other pairs of 
AGR's with characteristics similar to those of Hinkley Point 
B, namely, Huterston B, Hartlepool, and Heysham. 
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Fuel 
Enrichment 
Coolant Pressure, 
psi 
Outlet 
Temp., 
°F 
Date 
First 
Power 
93.32 Helium 335 1345 1/67 
93.4# Helium 700 1430 1974 
93^ Helium 294 1380 7/65 
93^ Helium 150 ^1500 12/67 
2.5# COg 284 975 2/63 
1.46#, 2.01# COg 488 1250 1974-
1975 
I—1 H
 CO C
O 
0
 
0
 600 1210 1974 
Natural COp 240 750 1/65 
Natural 00, 283 770 9/65 
Natural COg 368 770 12/66 
Natural COg 400 775 1971 
Natural COp 182 735 5/63 
Natural 
1 
OJ 
0
 
0
 435 735 8/66 
Natural COg 384 750 3/69 
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(Dragon and Peach Bottom) through its spherical fuel ele­
ments (129). These are made of graphite. They have a 
diameter of 6 cm and contain pyrolytic carhon-coated parti­
cles. The reactor core consists of 100,000 spherical fuel 
elements located in a cylindrical graphite vessel tapering 
at the bottom. The helium coolant gas passes the stack of 
spheres or pebble bed from the bottom upwards and is cooled 
down in the steam generator arranged above the core. The 
AVE first reached criticality in August 1966. In February 
1968, the full output of 15 MWe was generated for the first 
time (129)• 
The development of high-temperature gas-cooled reactors 
(HTGR's) started in the United States in 1957. The first 
HTGR prototype plant in U.S.A., Peach Bottom No. 1 (40 MWe) 
was built by the Bechtal Con^any for operation by the 
Philadelphia Electric Company (130? 131)' Peach Bottom was 
located on the Susquehana River in southern Pennsylvania 
(132) and had achieved criticality in March 1966 and was 
placed in commercial operation in June 1967 (131? 133-135)' 
The second HTGR in the U.S.A. was the 330 Hfe Fort St. Train 
nuclear generating station. This station was placed in com­
mercial operation in April 1977 (^2). Gulf General Atomic 
has developed HTGR plants rated at approximately 1100 MWe 
(133, 13^)' Nevertheless, technological problems related 
to integrity of graphite under high thermal stresses opera­
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tion and the inadequate funding level of commercial HTGR 
has forced the company from selling reactors. The HTGR is be­
lieved to be the safest reactor concept, however, commercial 
use should have been preceded by development in graphite 
technology and in material reliability under high tempera­
ture operation. 
7.3» HTGR General Description 
HTGR plants are high-performance nuclear power systems 
designed to achieve low generating costs through the effi­
cient use of fuel and the inproved conversion of heat to 
electricity. HTGRs use helium gas as the reactor coolant 
and graphite as the moderator and core structural material. 
The fuel is a mixture of enriched uranium and thorium, used 
in the form of carbide or oxide particles individually clad 
with multilayer ceramic coatings. 
All major components for the primary coolant system, 
including the steam generator, are housed in a steel-lined 
Prestressed Concrete Reactor Vessel (PCRV). The result is 
a compact installation that eliminates major external pri­
mary coolant piping. In addition to its function as a re­
actor housing, the PCRV provides necessary biological 
shielding and has the advantage of being field-erected. 
This later feature eliminates transportation problems and 
other site limitations associated with shop-fabricated 
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steel reactor vessels. The fact that the PCRY is in turn 
housed in a conventional reinforced concrete secondary con­
tainment building provides an extra safety dimension. 
Steam is produced in once-through steam generators and 
is delivered at 24-00 psig and 950 to a modern standard 
3600 rpm turbine generator unit employing a standard 1000 °F 
reheat cycle. The net thermal efficiency in converting heat 
to electricity approaches 40^ (136). 
7'h. Safety Features of HTGR 
7.4.1. Inherent safety characteristics 
The HTGR has unique inherent safety features that min­
imize the hazard to the public. Those features are: 
(1) The Prestressed Concrete Reactor Vessel (PCRV) 
which provides very significant inherent safety 
advantage. The structural integrity of the PCRV 
depends on a large number of separate high-tensile-
strength steel prestressing tendons and circum­
ferential wire wrapping, together with infallible 
limitation of primary coolant system pressure 
(136). The PCRV contains the reactor core and the 
entire primary coolant system, including steam 
generators and helium circulators. The PCRV also 
serves as the primary coolant system pressure 
boundary and provides the necessary biological 
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shielding (135)• 
(2) The graphite is ideally suited to high-temperature 
operation. Unlike most materials, graphite strength 
increases with temperature, reaching a maximum at 
about 4-500 (137). The graphite strength retains 
usable strength at all conceivable accident tem­
perature. It does not melt, but gradually sublimes 
at temperatures over 6000 °F. The highest heat 
capacity of the large mass of graphite (about three 
million pounds for the 3OOO MViTe HTGR) ensures that 
any core temperature transients resulting from 
reactivity insertions or interruptions in cooling 
will be slow and readily controllable (136, I38). 
(3) The single-phase helium gas which is utilized as a 
coolant in HTGR ensures that reactivity is insen­
sitive to coolant density changes. Also, a sudden 
reduction of primary coolant system pressure cannot 
cause loss of all coolant or prevent coolant circu­
lation because of change of phase. 
(4) The large thorium loading in the fuel ensures nega­
tive prompt and overall temperature coefficient 
throughout reactor life at all temperatures of 
interest (137, 139). 
(5) The all-ceramic fuel is not susceptible to the sud­
den release of stored-up fission products as a 
result of melting (139). 
7.4.2. Other engineered safety characteristics 
In addition to the inherent safety characteristics dis­
cussed above, a number of engineered safety features are in­
cluded in the HTGR design. The more important of these are 
(137): 
(1) A core auxiliary cooling system (CACS) -which pro­
vides an independent means of cooling the reactor 
under severe accident conditions that result in loss 
of main loop cooling. For the 3OOO plant, this 
system consists of three 50% capacity cooling loops 
vdaich are independent of the main cooling loops and 
of each other. 
(2) A moisture detection and steam generator dump sys­
tem which is used to minimize the amount of water 
that could leak into the primary coolant system as 
a result of a steam generator tube failure. The 
function of this system is to detect moisture in 
the primary coolant helium leaving the steam gen­
erator to isolate the unit by closing valves in 
the feedwater and superheated steam pipes, and to 
dump the steam/water inventory of the steam gen­
erator to a dump tank or to atmosphere. 
(3) The containment, containment isolation system, and 
containment atmosphere cleanup system idiich prevent 
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an uncontrolled release of fission products into 
the environs following an accidental release from 
the primary coolant system, and which reduce the 
off-site doses by hold-up and reduction of filter­
able activities. 
(^) Flow restrictors located in the PCRV penetrations 
that limit the free flow area through the primary 
coolant system boundary (PCSB) to less than 100 in^ 
in the event of a hypothetical gross failure of a 
penetration closure. 
One of the highest risk events in the HTGR reactor is 
the loss of off site power (l40, l4l). This event has two 
particularly significant consequences. One is the loss of 
the main turbine generator and the other is multiple fail­
ures in the core auxiliary cooling system. This sequence 
results in a core overheating at a fairly low probability. 
Core damage, however, releases enough fission products to 
constitute one of the highest doses. 
7.5» Core Auxiliary Cooling System 
Residual heat is removed from the core by two separate 
and diverse systems: the main cooling system and the core 
auxiliary cooling system (CACS). The CACS consists of three 
(or two) independent and separate cooling loops. Each loop 
contains a core auxiliary heat exchanger, an auxiliary 
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circulator, a helium check valve located in a PCRY penetra­
tion, and a closed-loop cooling water system external to 
the PCRV for supplying the proper quantity of pressurized 
cooling water to the heat exchangers. The CACS is designed 
to be capable of adequately cooling the core ^en the main 
loops are unavailable (135} 136, 1^2). The CACS is also 
used if the main cooling loops are out of service for main­
tenance due to an equipment failure. Specifically, the CACS 
has a cooling capability that satisfies the following re­
quirements starting at reactor shutdown (1^2): 
(1) The system has sufficient cooling capacity to pro­
vide effective core cooldown and prevent damage to 
either the core or primary coolant system components 
following a reactor trip from extended design power 
operation. 
(2) Margin is incorporated in the cooling capability 
of the system so that even in the event that the 
start of cooling flow is delayed as long as 20 
minutes, no damage will occur. 
(3) In the unlikely event of the maximum loss of system 
capability that could result from a single failure 
in the system combined with a 20 minute delay in 
startup, the cooling capability is such that no 
irreparable damage, or damage that will prevent 
a continued safe cooldown, will result. 
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(^) In the extremely unlikely event of a design "basis 
depressurization accident in conjunction with 
ingress of air from the containment and moisture 
from a heat exchanger leak, and in further combina­
tion with a single-failure loss of capability and 
a 20 minute delay in startup, no damage will result 
that will prevent a continued safe cooldown or re­
sult in fuel particle failure. 
The plant features of fundamental importance to core 
overheating are shown in Fig. 7.1 for three loops A, B, and 
C. The core can be cooled by the main cooling system, -râiich 
requires electricity supply from either the main turbine 
generator or offsite power. The reactor may also be cooled 
by the core auxiliary cooling system (CACS), vâaich may be 
powered by either offsite power or diesel generator. In 
case main loop operation is not retained, the reactor is 
tripped and the CACS is started. If the CACS fails, there 
is a probability that it can be repaired or the offsite 
power and main loops can be restored prior to excessive 
damage to the plant (l40). 
7.6. Safety Analysis of CACS 
Consider a hypothetical accident in idiich the main cool­
ing loops becomes unavailable for some unknown reasons. The 
offsite power is also lost and the main turbine generator 
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is no longer operating. In this case, failure of the core 
auxiliary cooling system (CACS) to start will be a serious 
problem, because it may lead to core damage. Since it is 
assumed that the main turbine generator has failed, the 
power for the CACS can only be derived from the diesel gen­
erators. The procedures that followed in CACS safety anal­
ysis is to construct the fault tree which is used as an input 
to the PREP code to find out the minimal cut sets (1^3)• The 
results from the PEEP code is used as an input to the KITT 
code to find the reliability characteristics of the com­
ponents. 
7.6.1. The fault tree 
Figure 7.2 shows the fault tree for failure of the 
core auxiliary cooling system to startup after lose of off-
site power (LOSP), and failure of main turbine generator 
(PMTG). As shown in Fig. 7.2, two cooling loops out of three 
should fail in order for the CACS to fail. To make the cal­
culations tractable and to keep the significant events con­
sistent with the resolution of the data available, the above 
fault tree is reduced before making any calculations. The 
reduced fault tree is shown in Fig. 7.3» The events 1 through 
6 shown in Fig. 7.2 and 7.3 represent the following : 
1 = failure of diesel generator; 
2 = failure of the auxiliary circulator shutoff valve; 
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3 = failure of the auxiliary circulator motor and 
controls ; 
4- = failure of the motor cooling water pump; 
 ^= failure of the circulator water pump; 
6 = failure of air blast heat exchanger fans. 
7.6.2. PREP and KITT codes description 
The PREP code is designed to accept the system fault 
tree as an input to generate the appropriate logical equiv­
alent and the system's minimal cut sets as an output. Min­
imal cut set of a system is the smallest set of system com­
ponents which when failed will cause the system to be failed 
(1^ 3)- These minimal cut sets (failure modes) or the minimal 
path sets (success modes) can then be used by the KITT codes 
to obtain reliability information about the system. The FREP 
is composed of two sections: TREBIL %hich reads the input 
and generates the logical equivalent of the fault tree, and 
MINSET obtains the minimal cut or path sets of the tree. 
Detailed description of the EEIEP code and its input data is 
given in Appendix C. 
The KITT code is run to obtain the probability char­
acteristics of the components. These characteristics in­
clude (143): (1) unavailability, q(t), defined as the 
probability of failure existing at time t; (2) reliability, 
R(t), defined as the probability of the failure not occurring 
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to time t; (3) the espected number of failure occurring to 
time t (WSUM) ; (4-) the failure rate at time t (W(t)); and 
(5) the failure intensity at time t (\). Detailed descrip­
tion of the KITT code and its input data are given in Ap­
pendix D. 
7.6.1. The PEIEP run for the CACS fault tree 
The simplified fault tree shown in Fig. 7.3 represents 
the input to the PREP codes. Each unique primary failure on 
the fault tree is assigned an arbitrary unique name. Each 
gate is then described on an input card; the card gives the 
name of the gate, the type of gate (AMD or OR), and the 
names of the gates and/or primary failure attached to the 
gate (iVf). The input data necessary to use the PREP codes, 
beside the fault tree itself, are the components failure 
intensities (lambdas) and repair times. WASH-1^ 00 (1^ 5), 
as well as references (l46-l48), are used to estimate the 
values of the failure intensity \ and the repair time T. 
These values are listed in Table 7.3- The fault tree 
shown in Fig. 7.3 is analyzed using the PEIEP codes, and the 
results are shown in Fig. 7.4-. 
7.6.4. The KITT run for the CACS fault tree 
Having obtained the minimal cut sets from the PEIEP, 
both the KITT-1 and KITT-2 codes are then run to obtain the 
probability characteristics associated with the CACS fault 
****$****************************************************** 
•TREBIL FAULT TREE BUILDING PROGRAM 
CORE AUXILIARY COOLING SYSTEM 
NUMBER OF GATESiNG ———————— ——— 13 
COMBO STARTING VALUE. MI N 1 
COMBO ENDING VALUE,MAX 6 
CUT SET - PATH SET SWITCH,IDEXl 0 
PRINT - PUNCH SWITCH, I DE X2 I 
MONTE CARLO STARTER, MCS 0 
NO. OF RANDOM NUMBERS TO REJECT.NREJEC 0 
NO* OF MONTE CARLO TRIALS,NTR 0 
MIXING PARAMETER SWITCH,IREN 0 
MONTE CARLO MIXING PARAMETER,TAA .0 
Pig. 7.4. Output of PREP computations 
************ **************************************************************** 
•TREBIL FAULT TREE BUILDING PROGRAM 
************ **************************** ************************************ 
CORE AUXILIARY COOLING SYSTEM 
NAME TYPE INPUTS -
TOP OR 2 0 GATE I GATEl1 
GATE! OR 3 0 GATE 2 GATE3 GATE4 
GATE2 AND 2 0 GATES GATE6 
GATE3 AND 2 0 GATE7 GATES 
GATE4 AND 2 0 GATE9 GATE 10 
GATES OR 0 6 COMPl C0MP2 C0MP3 C0MP4 COMP5 C0MP6 
GATE6 OR 0 6 COMPl C0MP2 COMP3 C0MP4 C0MP5 COMP6 
GATE 7 OR 0 6 COMPl COMP2 COMP3 C0MP4 COMP5 COMP6 
GATES OR 0 6 COMPl C0MP2 COMP3 C0MP4 COMP5 C0MP6 
GATES OR 0 6 COMPl COMP2 COMP3 C0MP4 C0HP5 C0MP6 
GATE10 OR 0 6 COMPl C0MP2 COMP3 COMP4 COMP5 COMP6 
GATE11 OR 1 1 GATE12 C0MP7 
GATE12 OR 0 5 C0MP2 COMP3 CO MP 4 C0MP5 COMP6 
END 0 0 
Fig. 7 » h  (Continued) 
**************************************************************************** 
*TREBIL FAULT TREE BUILDING PROGRAM 
************ ************ ********** ****************************************** 
CORE AUXILIARY COCLJNG SYSTEM 
THIS IS THE SUBROUTINE GENERATED BY TREBIL 
SUBROUTINE TREE 
LOGICAL TOP.A( 500).X( 500) 
COMMON/TREES/A,X,TCP 
A( 1 > = X( 1) •OR.XC 2)•OR^ XC 3) • OR. XC 4) 
* .OR. X( 5) 
A( 2) = X( 6) •OR.XC 1).OR. XC 2) • OR. XC 3) 
* • OR# X< 4).OR* X< 5) 
A( 3) = X( 6) •OR.XC 1)•OR. XC 2) • OR. XC 3) 
* .OR. XC 4)•ORo XC 5) 
AC 4) = X( 6) •OR.XC 1 ) •OR. XC 2) • OR^ X( 3) 
* • OR. XC 4).ORo x< 5) 
A( 5} = XC 6) •OR.XC 1).OR. XC 2) • OR. XC 3) 
* • OR. XC 4).ORo XC 5) 
A( 6) = X( 6) •OR.XC 1).OR. X( 2) .OR. XC 3) 
* .OR. XC 4).ORo XC 5) 
A( 7) = X( 6) •OR.XC 1 ) .OR. XC 2) • OR. XC 3) 
* • OR^ XC 4).OR. XC 5) 
A( 8) = A( 1 ) 
* • OR. XC 7) 
At 9) = A( 3) .AND.AC 2) 
A( 10} = A ( 5) •AND.AC 4) 
A( 11 J = A( 7) •AND.AC 6J 
A( 12) = AC 11) .OR.AC 10).OR. AC 9) 
A( 13) = A ( 12) .OR.AC 8) 
TOP = A( 13) 
RETURN 
END 
THERE WERE 7 COMPONENTS INDEXED IN THIS TREE 
Pig. 7A (Continued) 
*********************************************************************************** 
*TREB1L FAULT TREE BUILDING PROGRAM * 
*********************************************************************************** 
CORE AUXILIARY COOLING SYSTEM 
COMPONENT INDICES, NAMES. AND FAILURE RATES (PER HOUR) -
TREE INDEX COMPONENT NAME LAMBDA(FAILURE INTENSITY/HR.Ï TAU 
1 C0MP2 2.00000D-05 2*500000 00 
2 C0MP3 4.000000-06 3.000000 00 
3 C0MP4 2.23000D-05 5.00000D 00 
4 C0MP5 2.23000D-05 5.00000D 00 
5 C0MP6 1 .100000-06 3.00000D 00 
6 COMPl 8.00000D-06 l.OOOOOD 01 
7 C0MP7 I .000000-04 1.OOOOOD 01 
Fig. 7.4- (Continued) 
******************** ********************************************************4c****. 
•TREBIL FAULT TREE BUILDING PROGRAM 
************ **********************************************«**********************; 
CORE AUXILIARY COOLING SYSTEM 
TREE INDEX GATE NAME INPUTS— 
1 GATE 12 OR C0MP2 CO MP 3 COMP4 COMP5 COMP6 
2 GATEIO OR COMPl C0MP2 COMPJ C0MP4 COMP5 C0MP6 
3 GATE9 OR COMPl C0MP2 C0MP3 C0MP4 C0MP5 C0MP6 
4 GATES OR COMPl C0MP2 C0MP3 C0MP4 COMP5 C0MP6 
5 GATE7 OR COMPl C0MP2 C0MP3 C0MP4 C0MP5 COMP6 
6 GATE6 OR COMPl C0MP2 COMP3 C0MP4 COMPS C0HP6 
7 GATES OR COMPl C0MP2 C0MP3 C0MP4 COMP5 C0HP6 
8 GATEII OR GATE12 C0MP7 
9 GATE4 AND GATE9 GATEIO 
10 GATE3 AND GATE7 GATES 
11 GATE2 AND GATES GATE6 
12 GATEl OR GATE2 GATË3 GATE4 
13 TOP OR GATEl GATE 11 
Pig. 7A (Continued) 
**************************+******************************************************** 
TREBIL FAULT TREE BUILDING PROGRAM* 
*********************************************************************************** 
CORE AUXILIARY COOLING SYSTEM 
TREE COMPONENT NUMBER OF GATES INPUT BY THIS COMPONENT 
INDEX 
1 
2 
5 
6 
7 
NAME 
C0MP2 
C0MP3 
COMP% 
C0MP5 
C0MP6 
COMPl 
C0MP7 
GATES INPUT 
7 
7 
7 
7 
7 
6 
1 
GATE12 
GATE12 
GATE12 
GATE12 
GATE12 
GATEIO 
GATEll 
GATEIO 
GATEIO 
GATEIO 
GATEIO 
GATEIO 
GATE9 
GATE9 
GATE9 
GATE9 
GATE9 
GATE9 
GATES 
GATE8 
GATES 
GATES 
GATES 
GATES 
GATE7 
GATE7 
GATE7 
GATE7 
GATE7 
GATE7 
GATE6 
GATE6 
GATE6 
GATE6 
GATE6 
GATE6 
GATEÏ 
GATE? 
GATE? 
GATE? 
GATE? 
GATE? 
Fig. 7A (Continued) 
********************************************************************************* 
MINIMAL CUT SETS FOUND BY COMBO FOR CORE AUXILIARY COOLING SYSTEM 
********************************************************************************* 
MINIMAL CUT SET NO. 1 
C0MP2 
CORRESPONDING GATE FAILURES-
1 2 3  ^ ? 6 7 8 9 10 11 12 13 
MINIMAL CUT SET NO. 2 
C0MP3 
CORRESPONDING GATE FAILURES-
1 2 3  ^ 5 6 7 8 9 10 11 12 13 
MINIMAL CUT SET NO. 3 
C0MP4 
CORRESPONDING GATE FAILURES-
1 2 3  ^  ^ 6 7 8 9 10 11 12 13 
MINIMAL CUT SET NO. l*-
C0MP5 
CORRESPONDING GATE FAILURES-
1 2 3 4 5 6 7 8 9 10 11 12 13 
MINIMAL CUT SET NO. 5 
C0MP6 
CORRESPONDING GATE FAILURES-
1 2 3  ^ 5 6 7 8 9 10 11 12 13 
MINIMAL CUT SET NO. 6 
COMPl 
CORRESPONDING GATE FAILURES-
2 3 4 5 6 7 9 10 11 12 13 
MINIMAL CUT SET NO. 7 
C0MP7 
CORRESPONDING GATE FAILURES-
8 13 
********** EjjD OF OUTPUT FROM MINSET ********** 
Pig. 7.^ (Continued) 
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Table 7.3. Estimated values of the failure intensity and 
the repair time for the components in Fig. 7.2 
Component Failure Intensity 
X 
Repair Time 
(hours) 
1 8 X 10~Vhr 10 
2 20 X 10"Vhr 2.5 
3 ^ X 10~Vhr 3 
4 22.3 3: 10-6/hr 5 
5 22.3 X 10"Vhr 5 
6 1.1 X 10"Vhr 3 
7 100 X 10"^ /hr 10 
tree. The difference between the KITT-l and KITT-2 is in­
cluded in Appendix D. Although there is difference between 
the two codes, the results from both codes (shown in Appendix 
E) are exactly the same. The reason is that there are only-
seven components used in this analysis. This is very small 
compared to the code's capacity which is 2000 components. 
But the advantage of this small number of components is that 
the code gives exact results. The results from the KITT 
code include the CACS system differential characteristics, 
the inhibit characteristics of every component, and the 
TTi ni mal cut sets characteristics. 
Figure 7-5 illustrates the variation of the CACS system 
4 15 X 10 
Q MIN OR Q MAX 
4 12 X 10 
4 
4 
4 10 
w max, w min, l max. or l min 
0 
25 10 15 20 30 0 35 5 
T (hours) 
Fig. 7.?. CACS system differential characteristics resulted from KITT run 
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differential characteristics QMAX, LMAX, and "WMAX versus 
time, \diere QMAX, LMX, WMAX, QMIN, EMIN, and WMIN are de­
fined as follows : 
QMIN = Q^ (t)^ .^ , the "best lower bound for the system 
failed probability Q^ Ct). Q^ Ct) is given by 
C^ V Q^Ct) <1 - n [1-Qi(t)]... (7.1) 
where, 
Ng = total number of mini.inal cuts sets 
QL(t) = the i^  ^minimal cut set failed 
probability. 
QMAX = the best upper bound for Q^ Ct). 
WMIN = ^ o^ ^^ min' best lower bound for the system 
failure rate W^ (t) (per hour). W^ (t) is given 
by 
W^ (t) < Z W.(t)... (7.2) 
° i=l  ^
where 
W^ (t) = the i^  ^minimal cut set failure rate. 
WMAX = W^ (t)^ ^^ , the best upper bound for WQ(t) (per 
hour). 
IiMIN = A^ (t), the best lower bound for the system fail­
ure intensity (per hour). A^ (t) is given 
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by 
Ne V 
2 W. (t) 
A,(t) < ^ (7.3) 
Nc V 
n [1 -Q.(t)] 
i=l  ^
LMAX = the best upper bound for A^ Ct) (per 
hour). 
The component inhibit characteristics resulted from 
KITT codes run are summarized in Table 7A, and plotted in 
Figures 7.6 through 7.12, where the program output symbols 
are defined as follows: 
T (hours) = t, time (in hours). 
Q = q(t), the component failed probability. 
W = w(t), the component failure rate (per hour). 
L = \, the (input) component failure intensity (per 
hour). 
WSUM = w(t')dt', the ez3)ectecl number of failure to 
o 
time t. 
FSDM = 1 - e%3) ( - Xt), the probability of one or more 
failures to time t. 
The characteristics of the Tni ni Tnal cut sets obtained 
from the KITT codes run are summarized in Table 7.5? and 
plotted in Figures 7.13 through 7.19 >4iere the program 
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Table 7.4. Component inhibit characteristics resulted from 
KITT code run 
Component 
or Event Q W L 
1 5 X 10"^ 2 X 10-5 2 X 10-5 
2 1.2 X 10"^ 4 X 10-6 if X 10-6 
3 1.12 X 10"^ 2.23 X 10-5 2.23 X 10-5 
If 1.12 X 10"^ 2.23 X 10-5 2.23 X 10-5 
5 3.23 X 10-G 1.1 X 10-6 1.1 X 10-6 
6 8 x 10-5 8 X 10-6 8 X 10-6 
7 10 X 10"^ 10 X 10-5 1 X 10-^ 
Table 7.5- Minimal cut set 
KITT code run 
characteristics resulted from 
Minimal 
Cut Set Q W L 
1 1.2 X 10'^  h X 10-6 if X 10-6 
2 1.12 X 10"^ 2.23 X 10-5 2.23 X 10-5 
3 1.12 X 10"^ 2.23 X 10-5 2.23 X 10-5 
h 3.3  X 10-6 1.1 X 10-6 1.1 X 10-6 
5 8 X 10-5 8 X 10-6 8 X 10-6 
6 5 X 10-5 2 X 1C)"5 2 X 10-5 
7 10 X 10"^ 10 X 10-5 10 X 10-5 
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output symbols are defined as follows: 
T (hours) = t, time (in hours). 
V Q = Q(t), the minimal cut set failed probability. 
V 
W = W'(t), the minimal cut set failure rate (per hour). 
V 
L = A(t), the minimal cut set failure intensity (per 
hour). 
t ^  
WSDM = J W(t')dt', the expected number of failures 
o 
to time t. 
t V 
FSDM = l-exp[-X A(t')dt'], the probability of one or 
o 
more failures to time t. 
7.6.5. Conclusion 
The unavailability, Q, of the auxiliary feedwater in 
pressurized water reactor (PWR) under small loss of coolant 
accident (LOCA) is ranging between 7 x 10"^  to 1.2 x 10"^  
(l45). Also, the unavailability of the vapor suppression 
in the boiling water reactor (BWR) under small LOCA is in 
the range between 6.8 x 10"^  to 1.2 x 10"^  (l4^ ). Finally, 
from the KITT code results, the unavailability of the core 
auxiliary cooling system (CACS) in HTGR ranges between 
3.55 X 10"^  to 1.37 X 10"^ . By comparison the Q of the CACS 
in HTGR is good enough compared to the Q of the auxiliary 
feedwater in PWR, and the Q of vapor suppression in BWR 
under small LOCA. Actually, more safety measures are used 
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in PWR and BWR in case of LOCA because of the low fuel 
melting temperature in these reactors compared to fuel 
melting temperature in HTŒR. 
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8. CONCLUSIONS 
Examination of the water budget of Saudi Arabia shows 
that desalination is the only viable solution to meet current 
demand for potable water. Industrial and agricultural ex­
pansion are unlikely to be sustained by desalination alone 
and advanced water sources such as iceberg utilization may 
become the only solution. Present water demand rates are 
not representative to the actual requirements for domestic 
water consumption due to the absence of central water sys­
tems. 
Analysis of field data on water consumption and pro­
duction indicates that even the present extensive five-
year plan fails short of meeting the growing demand. Ade­
quate supply of water by desalination requires development 
of units having larger capacity than those presently avail­
able. The nonuniform population distribution delays the 
execution of central water systems. The use of relatively 
low capacity units to produce water and electricity and the 
unpredicted variability of the load results in very low 
availability and load factors although large reserve capac­
ities are added to each plant. 
Review of energy alternatives for water and power pro­
duction has shown that nuclear energy would be the most 
feasible choice. Oil is of great industrial and economical 
value to be burnt as fuel in dual-purpose plants. Solar 
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and other advanced energy systems are not developed to the 
extent to provide the present demand. Unclear power plants 
could provide the power requirements for the planned in­
dustrial expansion in addition to the water production. 
Fossil-fueled dual-purpose plants planned for the next ten 
years can be substituted by nuclear plants of economical 
size in spite of the scatter in population distribution and 
the low power demand. 
Some of the major difficulties in operation of present 
desalination plants are organization, management, planning 
and shortage of manpower. An organization scheme is de­
veloped in Chapter 4- to plan and execute nuclear projects. 
In developing countries, a special type of organization is 
needed to assure safe operation of nuclear plants. The 
organization scheme is developed in such a way that it can 
be evolved from present organization systems and can yet be 
suitable for the nuclear projects which are larger than any 
of the existing projects. Recommendations are made of pro­
grams to develop the needed manpower for managing the organ­
ization and staffing the plants. The management organization 
combines a balance between line and staff organizations. 
Modern management concepts are found to be suitable since 
experience is replaced by well tested decision-making and 
planning procedures. 
A choice is made between using locals, experts, 
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computerized systems or a mix between these options in 
managing nuclear projects. The application of utility 
theory in such decision has shown that use of computer pro­
grams and computerized systems would assure safety and suc­
cess in implementation of nuclear projects. Examination 
of present projects shows that special care must be given 
to training local workers on quality assurance procedures 
and maintenance in cases of nuclear energy projects. Well 
studied plans and decisions are essential for successful 
and safe use of nuclear energy. Although training of locals 
would delay the ambitious development process, locals are 
preferred to foreign workers except in conducting specific 
tasks which require foreign expertise from developed 
countries. 
Comparison of nuclear reactor concepts shows that gas-
cooled reactors are the most suitable for developing coun­
tries of the same nature as Saudi Arabia. Further develop­
ments may be needed to assure reliability and dependability 
of this type of reactors. Safety analysis of the most 
critical component of gas-cooled plants assured that such 
plants are of very low failure probability. Reliability of 
such plants are high enough to make their use in developing 
nations a viable option. 
Safety analysis of the overall nuclear dual-purpose 
plants would be useful to examine the effect of coupling 
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of desalination to power reactors on the safety of the 
system. Optimization of rate of production subject to 
local constraints is also important. Other points which 
require further studies are the methods of implementing 
quality assurance in developing countries and comparison 
of human factors in nuclear and nonnuclear countries. 
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APPEOTDIX A. PROGRAM FOR UTILITY THEORY 
(see section 5.^ .W 
1 
2 
3 
4 
5 
6 
7 
8 
9 
1 0  
11 
1 2  
13 
14 
15 
16 
$JOB PROGRAMMER.TIME = 30 »PAGES = 500 
DOUBLE PRECISION VAL 1.VAL2tVAL.OABStADJ.AMUL.VMUL.UPART 
DIMENSION AAK(30)*A(J0)*0(30)*C(30)tU1(30).X(30)t 
1 I OPT(30) #U(30) tGLABl(5),GLAB2(5) tXX(30.30) * DAT 1(5) ,DAT2( 5) , 
2 DAT3(4).TITLE!(5),TITLE2(5),TITLE3(5).TITLE4(5).SUBTI(5).SUBT2(5) 
3.SUBT3(5),SUBT4(5) 
C 
C PROGRAM TO SEARCH FOR K USING BY TRIAL AND ERROR METHOD 
C INPUT DATA 
C N=NO OF KI. MAXIMUM IS 30 
C AAK=KI 
C IK=INITIAL VALUE FOR ITERATION 
C LK=FINAL VALUE FOR ITERATION 
C IDK=DIFFERANCE FOR SPLITTING 
C ADJ=ACCEPTABLE VALUE TO WRITE AK.VAL.VALl AND VAL2 
C NSTOP=PARAMETER FOR SERCHING OF K 
C NSTOP=0;SERCH FOR K W 
C NSTOP>0;SKIP THAT ROUTINE % 
C 
REAO(5,10G) N 
100 F0RMAT(I2) 
REAO(5*101) (AAK(I)«1=1«N) 
101 FQRMAKaFlO.O) 
WRITE(6>200) N 
200 F0RMAT(1H1,'** INPUT** *,'NUMBER OF KI;(N} = •« 12.5X.•KI • . / ) 
WRITE(6,201) (AAK(I)« 1 = 1.N) 
201 FORMAT( 12X. 10E12.3) 
READ*5.IOC) NSTOP 
IF(NSTOP.NE.O) GO TO 21 
READ(5«102) IKtLK.lDK.OK.ADJ 
102 FORMATOIS.2F10.0) 
WRITE(6.202) IK.LK.IDK.DK.ADJ 
202 F0RMAT(13X,«RANGE FOR ITERATION'.2X,•FIRST=• ,13.2X.•LAST=•,I 3. 
1 2X.•DIFF=*,I3.2X.•DK=».E10.3.2X.«ADJUST VAL=«.Dl0.3,/) 
17 
18 
19 
20 
2 1  
22 
23 
24 
25 
26 
27 
20 
29 
30 
31 
32 
33 
34 
315 
36 
37 
38 
39 
40 
41 
SUM=0• 
DO 1 1=1,N 
1 SUM=A AK( n+SUM 
IFCSUM.GE.l.) GO TO 2 
WRITE(6,600) SUM 
600 FORMAT ( I HO. •••OUTPUT**'» ,2X. «TOTAL KI = ',F7.3,2X,'POSITIVE K») 
GO TO 3 
2 URITE(6«601) SUM 
601 FORMAT(1H0»•••OUTPUT^^ 'TOTAL KI=',F7.3,2X,'NEGATIVE K') 
3 AMUL=1. 
DO 20 K=II<»LK.IDK 
AK=K/DK 
IF(SUM.GE.l.) AK=-AK 
VAL1=AK+1. 
DO 10 1=1,N 
VAL2=(AK+AAK(I)+l.)*AMUL 
10 AMUL=VAL2 
AMUL=1. ^ 
VAL=DABS( VAL1-VAL2) vn 
IF(VAL.GT.ADJ) GO TO 20 ^ 
WRITE(6.203) AK.VAL.VAL1,VAL2 
2 03 FORMAT(13X,'K=',E10.3,2X,'VAL=',D10.3,2X,•VAL1='.D10.3.2X,•VAL2=*. 
1 D10.3) 
20 CONTINUE 
STOP 
21 CONTINUE 
C 
c 
c 
c 
c 
c 
c 
c 
c 
c 
PROGRAM TO FIND OUT PARAMETERS ON LINEAR AND EXPONENTIAL EQUATIONS 
INPUT DATA 
GLAB1= TITLE FOR GRAPH 
GLA82= TITLE FOR GRAPH 
IOPT(IEQ)= i; A+BEXP(CX) 
IOPT(IEQ)= 2; A+BEXP(CX) 
IOPT(IEQ)= 3 ; A+BEXP(CX) 
IOPT(IEQ)= 4 ; A+BX 
IOPT(IEQ)= 5; A+BX 
-INITIALLY ZERO 
-INITIALLY NON-ZERO .NARROW RANGE 
-INITIALLY NON-ZERO .WIDE RANGE 
INITIALLY ZERO 
INITIALLY NON-ZERO 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
C IOPT(IEQ)= 6; A+BEXP(CX) -INITIALLY NON-ZERO, SYMMETRY 
C IOPT(IEQ)= 7 ; A + BEXP(CX) -INITIALLY NON-ZERO. TRIAL AND ERROR 
C X0= INITIAL X DATA 
C XL= 2ND X DATA 
C X2= FINAL X DATA 
C U0,U1, AND U2 ARE UTILITY FROM XO.XLT AND X2 RESPECTIVELY 
C 
c ******* NOTICE ********************************************************** 
C IF I0PT(LEQ).EQ.4.0R.5 
C X1=LAST X DATA 
C IF IOPT(LEQ).EQ.L ,2, OR 3 
C X2=FINAL X DATA 
C IF IOPT(IEQ>.EQ.2. MAKE X1=1.5X0 AND X2=2X0 
C IF IOPT(LEQI.EQ.3. MAKE XL= 2X0 AND X2=3X0 
C XIN=INITIAL X FOR NON-ZERO CASE 
C XFIN=FINAL X FOR NON-ZERO CASE 
C U) 
READ(S,101) AK 
WRITE(6,204) N,AK 
204 F0RMAT(13X,*N0 OF EQUATION^*,13,5X,*K=*,EI2.4,/) 
DO 50 IEQ=1,N 
READ(5,103) GLAB1,GLAB2 
103 FORMAT(10A4) 
READ(5w300) lOPT(lEQ) 
300 FORMATdll 
READC 5,101) XO.UO,X1,U1,X2,U2 *C( lEQ) 
WRITE(6,205) GLAB1,GLAB2 
205 FORMAT* IHO,*** INPUT** •,10A4) 
K=IOPT(lEQ) 
GO TO (31,32,33,34,35,37,38)*K 
31 WRITE(6,206) lOPT(IEQ) 
2 06 FORMAT!13X,*IOPT=*,I3,2X,*U=A+BEXP(CX)•,3X,'INITIALLY ZERO') 
A( lEQ)=(U0*U2-U1**2)/(U2+U0-2*Ul) 
B(IEQ)=((U1-U0)**2)/(U2+U0-2*U1) 
C( lEQ )=ALOG( (U2-Un / (Ul-UO) )/Xl 
60 
61  
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81  
82 
83 
84 
85 
86 
87 
88 
89 
90 
9X 
92 
GO TO 39 
32 WRITE(6.207) lOPT(IEQ) 
2 07 FORMAT(13X.»IOPT=*,I3,2X,•U=A+BEXP(CX)•.3X.•INITIALLY NON-ZERO*. 
1 JX,«NARROW MANGE') 
Y=(U1-U2)/(U0-UI) 
A(IEQ)=(Ul-UO»Y)/(I.-Y) 
B(IEQ)=(U0-U1)/((l.-Y)*(Y**2)) 
C( IEQ) = <2./XO)*ALOG(Y) 
GO TO 39 
33 WRITE(6,222) lOPT(IEQ) 
2 22 FORMAT( 13X.*IOPT = ',I3,2X,*U=A+BEXP(CX)•.3X,•INITIALLY NON-ZERO'. 
1 3Xt•WIDE RANGE') 
A(lEQ)=(U0*U2-U1**2)/(U0-2*U1+U2 ) 
Q(IEQ)^((UO-Ul)**3)/((U1-U2)*(U0-2*U1+U2)) 
C(*EQ)=ALOG((U1~U2)/(U0-U1))/X0 
GO TO 39 
34 WRITE(6,208) lOPTCIEQ) 
208 F0RMAT(13X,'I0PT=',13,2X,*U=A+BX',3X,'INITIALLY ZERO*) 
AtIEQ)=U0 H 
B( IEQ)=(Ul-U0)/Xl 
GO TO 36 
35 WRITE(6,209) lOPT(IEQ) 
209 FORMAT*13X,'I0PT=',I3,2X,'U=A+BX',3X,'INITIALLY NON-ZERO') 
A(IEQ)=(U1*X0-U0*X1)/(X0-X1) 
BCIEQ)=(UO-Ul)/(XO-Xl) 
36 WRITE<6.210) XO,UO,Xl,Ui 
210 FORMAT(13X.'X0=',E10.3,2X,'U0=',F6.3,2X,*X1 = *.E10.3«2X.•U1 = '.F6.3) 
WRITE(6,211) A(lEQ).BClEQ) 
2 11 FORMAT*IHO,'**OUTPUT** ' ,'A=•,E12.4,2X,'B-',El 2.4) 
GO TO 399 
37 WRITE(6.230) lOPT(IEQ) 
230 FORMAT*13X,'IOPT = ',I3,2X.'U=A+BEXP*CX)',3X.'INITIALLY NON-ZERO» » 
1 3X,'SYMMETRY') 
ACIEQ)=(U2*U0-U1**2)/<U0-2*U1+U2) 
B(IEQ)=*U1-U2)«(UO-Ul)/(U0-2*Ul+U2) 
C*lEQ)=ALOG(*U1-U2)/(UO-U1))/X2 
93 
94 
95 
96 
97 
98 
99 
1  00  
1 0 1  
102 
103 
104 
105 
1 06 
107 
108 
1 09 
110 
111 
112 
1 13 
1 14 
115 
1 16 
117 
1 18 
I 19 
120 
121  
122 
123 
124 
12C 
GO TO 39 
38 WRITE(6,231) lOPT(IEQ) 
2 31 FORMAT(13X,*IOPT=*,I3,2X.•U=A+BEXP(CX)•.3X,»INITIALLY NON-ZERO*, 
1 3X,'TRIAL AND ERROR*I 
B(IEQ)=<U0- U 1 )/(EXP(C(IEQ)*X0)-EXP(C(IEQ)*X1)) 
A( IEQ)=U0-B<IEQ)«EXP(C(IEQ)+X0) 
39 WRITE(6t212) XO.UOtXItUl•X2.U2 
212 FORMAT(13X.•X0=*,E10.3,2X,'U0=*,F6.3,2X,'X1=",E10.3,2X,'UL=*,F6.3, 
1 2X,*X2=',E10.3,2X.*U2=*,F6.3) 
WRITE(6.213) A(lEQ)tB(IEQ)tC(IEQ> 
213 FORMAT(1HO$***OUTPUT** ' •*A=*.E12.4•2X.•B=*.El 2.412X.*0 = • ,E12.4, 
1 / )  
399 READ(5,101) XINtXFIN 
WR1TE(6«501) XIN.XFIN 
501 FORMATdH ,'** INPUT*» • . • XI N= * .E1 2 . 4 . 2X . • XF IN=* . El 2 . 4 ) 
X( 1)=XIN 
XSIZE=5. 
VSI2E=5. OJ 
XSF=( XFIN-XIN)/XSIZE W 
YSF=1./YSIZE 
YIN=0 . 
OX=(XFIN-XIN)/20. 
00 40 J=1 .21 
GO TO (43,43,43,42.42,43,43),K 
42 UI(J)=A(IEQ)+B(lEQ)*X( J) 
GO TO 44 
43 UI(J)=A(IEQ)+B(IEQ)*EXP(C{IEQ)*X(J)) 
44 X(J+1)=X(J)+DX 
40 CONTINUE 
IFCUK1)•LT»l.E-4> UI(l)-0. 
IF(UI (21 ) .LT. 1 .E-4) UI(2l) = 0. 
IFCUKl ) .GT.0.99) Ul(l) = l. 
IF(UI(21).GT.0.99) UI(21)=1, 
47 WRITE(6,214) 
214 FORMAT(IHO,•••OUTPUT»* * ,7X,•X•,14X,•UI * ,/ ) 
WRITE(6,2I5) ( X( J) .UK J) . J=l,21 ) 
126 
1 27 
128 
129 
130 
131 
132 
1 33 
134 
135 
1 36 
137 
1 38 
139 
140 
1 41 
142 
1 43 
1 44 
145 
146 
I 47 
148 
149 
1 50 
1 51 
1 52 
215 F0RMAT(12X,2E14.4) 
50 CALL GRAPH(21,X,UI,0,21•XS I2E#YSIZE,XSF,XIN»YSF,Y IN.'X;*,*UI;', 
1 GLAB1,GUAB2) 
C 
C PROGRAM TO CALCULATE UTILITY FOR EACH DATA SET 
C INPUT DATA 
C ITER=NUMBER OF DATA SET 
C X=GIVEN X DATA FOR CALCULATION OF UI 
C 
C 
READ(5.100) ITER 
WRITE(6#400) ITER 
4 0 0  F O R M A T ( I H L . I N P U T * *  • 
IT=ITER 
DO 70 L=L .ITER 
REA0(5.101> (X(I)*I=1.N) 
WRITE(6.216) L,(X(I),I=1, 
216 FORMAT(1HO,12X,'X('.I2,*) 
VMUL=1. 
00 60 1 = 1 ,N 
XX(I.L)=X(I) 
GO TO (63,63,63,62.62,63, 
62 UI(I)=A(I)+B(I)*X(I) 
GO TO 64 
63 UI(I)=A(I)+B<I)*EXP{C(I»* 
64 UPART=( AK*AAK(I)*UI(I 
VMUL=UPART 
60 CONTINUE 
U(L)=(UPART-1.)/AK 
70 CONTINUE 
INL=1 
ITEMP=IT 
IF<ITEMP,LE.5) GO TO 52 
:TEMP=5 
52 WRITE(6,217) 
,'NO OF SET(ITER)=»,13,/) 
N) 
•,/,(12X,LOEL2.3)) 
63),K 
X( I) ) 
)+L,)*VMUL 
153 
154 
153 
156 
1 57 
15C 
159 
1 6 0  
161 
162 
163 
164 
165 
166 
167 
168 
A 69 
217 FORMAT*IH .«••OUTPUT** • .•UTIL ITY•.//.( 1SX.•K• , 11X.•U(I I• ,09X, 
1 •U( I I)• ,7X„•U(I I I) «.aX.« U( IV)• ,9X,«UC V) •,/)> 
WRITE (6. 240)1 AK.(U(L) ,L.= INL. ITER) 
240 FÛRMA R( I JX.OTL*;. J J 
IF( ITEMP.Le.,5 ) GO TO 51 
IT=IT-5 
INL=INL+5 
GO TO 52 
51 CONTINUE 
IT=ITER 
INL=1 
C 
C PROGRAM TO EDIT INITIAL DATA 
C INPUT DATA 
C TITLEl-TITLE FOR PRINTING 
C TITLE2=TITLE FOR PRINTING 
C TITLE3=TITLE FOR PRINTING 
C TITLE4=TITLE FOR PRINTING W 
C 0AT1=ITEM TITLE '$• 
C DAT2=ITEM TITLE 
C DAT3=ITEM TITLE 
C WORST=VALUE FOR WORST CASE 
C BEST=VALUE FOR BEST CASE 
C SUBT1=SUB-DATA FOR PRINTING 
C SUBT2=SUB-DATA FOR PRINTING 
C SUBT3=SUB-DATA FOR PRINTING 
C SUBT4=SUB-DATA FOR PRINTING 
C 
C 
71 READ(5,104) TITLE1.TITLE2.TITLE3.TITLE4 
104 FORMAT(20A4) 
WRITE(6,218) TITLEl»TITLE2.TITLE3.TiTLE4 
218 FORMAT(1H1,//,30X,20A4,/) 
READ(5,104» TITLEl,TITLE2,TITLES,TITLE4 
WRITE(6#224) TITLEl»TITLE2,TITLE3,TITLE4 
224 FORMAT!IH ,30X»20A4,//» 
1 70 
171 
172 
173 
1 74 
175 
1 76 
177 
178 
179 
180 
1 8 1  
182 
183 
184 
185 
1 86 
1 87 
188 
1 89 
190 
191 
192 
193 
194 
195 
196 
197 
WRITE(6.219) 
219 F O R M A T D H  . 05 X » • A T TRI BUTE S • .2 5X , • UN I TS • , 2 1 X . • RANGE • . 20X, 
1 «ALTERNATIVE SYSTEM',/) 
WRITe(6.220) 
2 20 FORMAT(62X,• BEST•.4X»•WORST» .08X,•I•,9X,•II• ,7X,•I II «.8X,•IV•.9X, 
1 *V',/) 
DO 80 1=1,N 
REAO(5,401) DATl,DAT2,DAT 3,WORST,REST 
401 FORMAT* 14A4,2F10.0) 
ITEMP=IT 
IFCITEMP.LE.5) GO TO 81 
ITEMP=5 
81 WRITE(6,221) DATl,0AT2,DAT3.WORST,BEST,(XX(I,L),L=INL,ITEMP) 
221 FORMAT*IH ,14A4.7(2X.F8,2)) 
IF(ITEMP.LE.5) GO TO 80 
IT = lT-5 
INL=INL+5 
GO TO 71 LO 
80 CONTINUE ^ 
WRirE(6,223) 
223 FORMAT*1H0,///,2X,'ALTERNATIVE SYSTEM',/) 
DO 90 1 = 1 .ITER 
READ*5,104) SUBTl.SUBT2,SUBT3,SUBT4 
WRITE<6,225) SUBTl,SUBT2,3UBT3.SUBT4 
225 FORMAT*IH ,20A4) 
90 CONTINUE 
WRITE*6,250) 
250 FORMAT*1H1,13X. «*******AT END OF RESULT*******') 
STOP 
END 
SENTRY 05 
366 
APPENDIX B. COMPUTER OUTPUT FOR DECISION-MAKING 
** INPUT** NUMBER OF Kl; (N)=14 KI 
0.170E 00 
0.380E 00 
0.900E-01 
NO OF EQUATE 
0.130E 00 
0.600E GO 
0.540E 00 
0N= 14 I 
0. 490E 00 
0.290E 00 
0.230E 00 
= -0.9900E 
0.450E 00 
0.320E 00 
0.540E 00 
0.490E 00 
0.290E 00 
*• INPUT** 
••OUTPUT** 
*• INPUT** 
••OUTPUTS* 
XI COST 
IOPT= 1 U-A+BEXP(CX) INITIALLY ZERO 
X0= O.OQOE 00 U0= 1.005 Xl= 0.250E 01 Ul= 0.875 X2= 0.500E 01 
U2= 0.000 
A= 0.1028E 01 B= -0.2268E-01 C= 0.7627E 00 
1= 0.2500E 00 XF1N= 0.! 
X UI 
0 .2500E 00 0.1O O O E  01 
0 .4875E 00 0.994 8E 00 
0 .725 0E 00 0.9883E 00 
0 .962 5E 00 0. 9 00 4E 00 
0 . 1200E 0 1 0.9 71 OE 00 
0 .1437E 01 0.9598E 00 
0 .1675E 01 0.9463E 00 
0 .1912E 0 1 0.9301E 00 
0 .2150E 01 0.9108E 00 
0 . 2387E 01 0.8876E 00 
0 .2625E 01 0.B597E 00 
0 .2862E 01 0.8264E 00 
0 .3100E 01 0. 7864E 00 
0 .3337E 01 0.7385E 00 
0 .3575E 01 0.681 IE 00 
0 .3812E 0 1 0.6122E 00 
UJ CJ\ 
•O 
0 .4050E 01 0* 5297E 00 
0 * 4237E 01 0* 4308E 00 
0 .4525E 01 0. 3123E 00 
0 .4762E 0 1 0* 1 703E 00 
0 .50 0 0E 01 0. OOOOE 00 
•• INPUT** X2 OVERHEAD 
IOPT= 1 U=A+BEXP(CX) INITIALLY ZERO 
X0= O.OOOE 00 U0= 1*000 XI= 0.500E 02 UI= 0*933 X2= 0*100E 03 
U 2 =  0 * 0 0 0  
••OUTPUT** A= 0*1005E 01 B= -0.5184E-02 C= 0*5267E-01 
** INPUT** XIN= 0.lOOOE 01 XFIN= O.IOOOE 03 
••OUTPUT** UI 
0* lOOOE 01 0* lOOOE 01 
0.5950E 01 0* 9981E 00 
0.1090E 02 0* 996 0E 00 
0.158SE 02 0* 9932E 00 
0.2080E 02 0. 9897E 00 
0.2575E 02 0* 9851E 00 
0*3070E 02 0* 9791E 00 
0* 3565E 02 0* 9713E 00 
0.4060E 02 0* 9612E 00 
0*4555E 02 0* 948 IE 00 
0* 5050E 02 0* 931 IE 00 
0*554 5E 02 0* 9 090E 00 
0* 604GE 02 0* 8803E 00 
0.6535E 02 0. 643 2E 00 
0*703OE 02 0* 7949E 00 
0* 752 5E 02 0* 7 322E 00 
0*802 0E 02 0* 6509E 00 
0* 8515E 02 0* S454E 00 
0*901OE 02 0* 408 5E 00 
0*9505E 02 0. ,2307E 00 
0*lOOOE 03 0* OOOOE 00 
{jO 
ON 
00 
•• INPUT** 
••OUTPUT** 
•* INPUT** XIN= 
**OUTPUT** 
X3 ACCEPTABILITY 
IQPT= I U=A+BEXP(CX) INITIALLY ZERO 
X0= O.OOOE 00 U0= 0.000 XI= 0.500E 02 Ul= 0,100 X2= O.IOOE 03 
U2= 1.000 
A- -0.1250E-01 B= 0.1250E-01 C= 0.4394E-01 
O.OOOOE 00 XF IN = 0 . 1  
X UI 
0 •OOOOE 00 O.OOOOE 00 
0 .5000E 01 0.3072E-02 
0 .lOOOE 02 0.6898E-02 
0 . 1500E 02 0.1166E-01 
0 .200 0E 02 0.1760E-01 
0 .250 0E 02 0.2500E-01 
0 • 300 0E 02 0.3421E-01 
0 .350OE 02 0.4 569E-01 
0 .4000E 02 0.5999E-01 
0 o4500E 02 0.7781E-01 
0 •5000E 02 0. lOOOE 00 
0 .550 0E 02 0.1276E 00 
0 .6000E 02 0.1621E 00 
0 .6500E 02 0.2050E 00 
0 .7000E 02 0.2584E 00 
0 .7500E 02 0.32S0E 00 
0 • 8000E 02 0.4079E 00 
0 •8500E 02 0.5112E 00 
0 .900 0E 02 0.6399E 00 
0 .950 0E 02 0.8003E 00 
0 • lOOOE 03 0.1OOOE 01 
O.IOOOE 03 
Lo 
ON 
vo 
•• INPUT** X4; ADEQUATE SOURCES PROBABILITY 
IOPT= 1 U=A+BEXP(CX) INITIALLY ZERO 
X0= O.OOOE 00 U0= 0.000 Xl= 0.500E 02 U1- 0.150 X2= O.IOOE 03 
U2= 1.000 
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••OUTPUT»* X UI 
0 .OOOOE 00 0.OOOOE 00 
0 .5000E 01 0.2243E-02 
0 .lOOOE 02 0.5095E-02 
0 ,1500E 02 0.872 1E-02 
0 •2000E 02 0.1333E-01 
0 .2500E 02 0.1920E-01 
0 .3000E 02 0.2665E-01 
0 .350 0E 02 0.3613E-01 
0 •4000E 02 0.4818E-01 
0 •4500E 02 0.6351E-01 
0 .5000E 02 0.8300E-01 
0 . 550OE 02 0.1078E 00 
0 •6000E 02 0.1393E 00 
0 .6500E 02 0.1794E 00 
0 . 700 0E 02 0.23035 00 
0 .7500E 02 0.295 IE 00 
0 .OOOOE 02 0.3774E 00 
0 . 850 OE 02 0.4822E 00 
0 .9000E 02 0.6154E 00 
0 .950 0E 02 0.784 7E 00 
0 . lOOOE 03 0.1OOOE 01 
*» INPUT»* X6 LEAD TIME 
IOPT= 1 U=A+BEXP(CX) INITIALLY ZERO 
X0= O.OOOE 00 U0= 1.105 Xl= 0.450E 02 Ul= 0.383 X2= 0.900E 02 
U2- 0.000 
»»OUTPUT»» A= -0.4328E 00 B= 0.1538E 01 C= -0.1409E-01 
»» INPUT»» XIN= 0.5000E 01 XFIN= 0.9000E 02 
»»OUTPUT»» X UI 
0.5000E 
0.925 0E 
0. 1350E 
0 1  
0 I 
02 
0.lOOOE 
0.9170E 
0.8386E 
0 1  
00 
00 
0 .1775E 02 0.7 64 7E 00 
0 .220 0E 02 0.6951E 00 
0 .2625E 02 0.6296E 00 
0 .3050Ë 02 0.5679e 00 
0 .3475E 02 0.5097E 00 
0 .3900E 02 0.4549E 00 
0 . 432 5E 02 0.4034E 00 
0 .475 0E 02 0. 3548E 00 
0 .517 5E 02 0.3090E 00 
0 .560OE 02 0.2659E 00 
0 .6025E 02 0.2253E 00 
0 .6450E 02 0.1871E 00 
0 .6875E 02 0. 1 51OE 00 
0 .7300E 02 0.1171E 00 
0 .772 5E 02 0.8515E -01 
0 .6150E 02 Û.5505E -01 
0 .8575E 02 0.2670E -01 
0 .900 0E 02 O.OOOOE 00 •<3 
ro 
•» INPUT** X7 PROJECT SUCCESS 
IOPT= 1 U=A+BEXP(CX) INITIALLY ZERO 
X0= O.OOOE 00 U0= 0.000 Xl= O.SOOE 02 Ul= 0.050 X2= O.IOOE 03 
U2= 1.000 
••OUTPUT** A= -0.38 05E-02 B= 0.3805E-02 C= 0.5575E-01 
•• INPUT** XIN= O.OOOOE 00 XFIN= O.IOOOE 03 
••OUTPUT** X UI 
O.OOOOE 00 O.OOOOE 00 
0.5000E 01 0.1223E-02 
O.IOOOE 02 0.2840E-02 
0.1500E 02 0.4976E-02 
0.2000E 02 0,7800E-02 
0.2500E 02 0.11S3E-01 
0.3000E 02 0.1646E-01 
0.350OE 
0.4000E 
0.4500E 
0.5000E 
0.5500E 
OtôOOOE 
0,650 011 
0.7000É 
0.7500E 
0.8000E 
0.8500E 
0.9000E 
0.9500E 
0.lOOOE 
02 0. 
02 0. 
02 0. 
02 0. 
02 0. 
02 0. 
02 0. 
02 0. 
02 0. 
02 0. 
02 0. 
02 0. 
02 0. 
03 0. 
2298E-01 
3159E-01 
4296E-01 
5800E-0I 
7787E-01 
1041E 00 
1388E 00 
1847E 00 
2453E 00 
3253E 00 
4312E 00 
571OE 00 
7558E 00 
lOOOE 01 
»• INPUT** 
••OUTPUT** 
•• INPUT** 
••OUTPUT•* 
0. OOOOE 00 0. OOOOE 00 
0. 1250E 01 0. 4003E-02 
0. 250 OE 01 0. 8902E-02 
0. 375 OE 01 0. 1490E-01 
0. 5000E 01 0. 2224E-01 
0. 625 OE 01 0. 3122E-01 
0. 750 OE 01 0. 4222E-01 
0. 875 OE 01 0. 5568E-01 
0. lOOOE 02 0. 7215E-01 
0. 112 5E 02 0. 9232E-01 
0. 1250E 02 0. 1 170E 00 
X8 CONTINUITY 
IOPT= 1 U=A+BEXP(CX) INITIALLY ZERO 
X0= O.OOOE 00 U0= 0.000 XI= 0.125E 02 Ul= 0.117 X2~ 0.250E 02 ^ 
U2= l.OOO -O 
A= -0.1787E-01 B= 0. 1787E-01 C= 0.1617E 00 
XIN= 0.OOOOE 00 XFIN= 0.2500E 02 
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0. 150 OE 02 0. 662 aE 00 
0. 160 OE 02 0. 7244E 00 
0. 170 OE 02 0. 7889E 00 
0. 180 OE 02 0. 8562E 00 
0. 190 OE 02 0. 9265E 00 
0. 200 OE 02 0. 1 OOOE 01 
•• INPUT** 
••OUTPUT** 
XI 0 UPDATING PROBABILITY 
IOPT= 4 U=A+BX INITIALLY ZERO 
X0= O.OOOE 00 U0= 0.000 XI= O.IOOE 03 Ul= 1.000 
A= O.OOOOE 00 8= O.IOOOE-01 
•• INPUT** XIN= O.OOOOE 00 XFIN= O.IOOOE 03 
••OUTPUT** UI 
0 .OOOOE 00 O.OOOOE 00 
0 •SOOOE 01 0.5000E-01 
0 • lOOOE 02 O.IOOOE 00 
0 . 1500E 02 0.1500E 00 
0 .2000E 02 0.2000E 00 
0 .2500E 02 0.250 0E 00 
0 •3000E 02 0.3000E 00 
0 .3500E 02 0.3500E 00 
0 •4000E 02 0.4000E 00 
0 .4500E 02 0.4500E 00 
0 •SOOOE 02 0. SOOOE 00 
0 .550 0E 02 0.5500E 00 
0 .6000E 02 0.6000E 00 
0 •6500E 02 0.Û500E 00 
0 .7000E 02 0.7000E 00 
0 .7500E 02 0.7500E 00 
0 .aoooE 02 0.800 0E 00 
0 . 8500E 02 0.8500E 00 
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••OUTPUT** A= -0.2050E CO 8= 0.2922E 01 C= -0.1771E 00 
•«"OUTPUTS* 
1= 0.5000E 01 XFIN = 0.] 
X UI 
0 .5000E 01 0.1OOOE 01 
0 •550 0E 01 0.8979E 00 
0 •6000E 01 0.8044E 00 
0 •650 0E 01 0.7188E 00 
0 .7000E 0 i 0.6405E 00 
0 .7500E 01 0.5689E 00 
0 •8000E 01 0.5033E 00 
0 .850OE 01 0.4433E 00 
0 •9000E 01 0.3883E 00 
0 ,9500E 01 0.338 0E 00 
0 •lOOOE 02 0.2920E 00 
0 . 1050E 02 0.2499E 00 
0 •llOOE 02 0.2113E 00 
0 .1150E 02 0.1760E 00 
0 •1200E 02 0. 1437E 00 
0 • 125 OE 02 0.1142E 00 
0 • 1300E 02 0.8714E -01 
0 • 1350E 02 0.6238E -01 
0 . 1400E 02 0.3972E -01 
0 • 1450E 02 0.1898E -01 
0 . 150 0E 02 O.OOOOE 00 
CO 
*• INPUT*# 
••OUTPUTS* 
XI4 DEDICATION 
IQPT= 1 U=A+BEXP(CX) INITIALLY ZERO 
X0= O.OOOE 00 U0= 0.000 Xl= O.SOOE 02 Ul= 0*150 X2<= O.IOOE 03 
U2= 1.000 
A= -0.32 14E-01 B= 0.3214E-01 C= 0.3469E-01 
•• INPUT** XIN= O.OOOOE 00 XFIN= O.IOOOE 03 
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#• INPUT** NO OF SET{ITER)= 5 
X( 1  )  
0.350E 01 
0.1OOE 01 
0.800E 02 
0.800E 02 
O.iSOE 02 
0.900E 01 
0.800E 02 
0.1OOE 02 
X{ 2Î  
0.450E 01 
O.SOOE 00 
0.950E 02 
0.950E 02 
0.1OOE 03 
O.SOOE 01 
0.900E 02 
0.200E 02 
X( 3) 
0.400E 01 
0.750E 00 
0.870E 02 
0.870E 02 
O.SOOE 02 
0.700E 01 
0.850E 02 
O.ISOE 02 
X( 4) 
0.250E 01 
O.IOOE 01 
0.700E 02 O.SOOE 02 0.700E 02 
0.750E 02 O.llOE 02 0.900E 02 
X( 53 
0.300E 01 
O.IOOE 01 
••OUTPUT** 
K 
0.700E 02 
0.700E 02 
UTILITY 
U( I } 
0. 65OE 02 
O.IOOE 02 
UCII ) 
O.SOOE 02 
0.600E 02 
U(III) 
O.SOOE 02 
0.700E 02 
0.600E 02 
-0.900E 02 
0.700E 02 
U(IV) 
-0.990E 00 0.785E 00 0.968E 00 0.845E 00 0.949E 00 
381 
Oe200E 02 C.4C0E 02 
O.IOOE 02 0.700E 02 
0.150E 02 0.550E 02 
0.30CE 02 0.900E 02 
0.250E 02 0.800E 02 
U( V) 
0.847E 00 
0.500E 01 0.150E 02 0.800E 02 
0.250E 02 O.IOOE 02 0.300E 02 
O.IOOE 02 0.130E 02 0.500E 02 
0.250E 02 0.200E 01 0.900E 02 
0.200E 02 0.500E 01 0.800E 02 
ATTRIBUTES AND ATTRIBUTE LfcVELS FOR DIFFERENT ALTERNATIVES 
FOR THE 
MANAGEMENT OF NUCLEAR DESALINATION PROJECTS IN SAUDI ARABIA 
ATTRIBUTES UNITS RANGE 
BEST 
COST MS/YEAR 0.25 
2. OVERHEAD MS 1,00 
3. ACCEPTAS IL ITY SUBJECTIVE 100.00 
A. ADEQUATE SOURCES PROBABILITY PERCENT 100.00 
5. COMPATIS ILITY SUBJECTIVE 100.00 
6. LEAD TIME MONTHS 5. 00 
7. PROJECT SUCCESS PERCENT 100.00 
8. CONTINUITY YEARS 25. 00 
9. FIELD EXPERIENCE YEARS 20. 00 
10. UPDATING PROBALITY PERCENT 100.00 
11 . LANGUAGE LEARNING PERIOD YEARS 0.50 
12. MANPOWER RESOURCES DEVELOPMENT PERSONS/YEAR 100. 00 
13. CONSTRUCTION TIME YEARS 5.00 
14. DEDICATION SUBJECTIVE 100.00 
ALTERNATIVE SYSTEM 
I . EXPERTS ONLY 
II . COMPUTER USE 
III . MIXTURE BETWEEN EXPERTS AND COMPUTER USE 
IV . TRAINING 
V « EXPERT PHASED OUT WITH TRAINED LOCALS 
AT END OF RESULT******* 
CORE USAGE OBJECT CODE= 19960 BYTES.ARRAY AREA= 
DIAGNOSTICS NUMBER OF ERRORS= 
COMPILE TIME= 0.94 SEC.EXECUTION TIME= 
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ALTERNATIVE SYSTEM 
WORST 
5.00 
100.00 
0.00 
0. 00 
0.00 
90.00 
0.00 
0.00 
0.00 
0 . 0 0  
5.00 
0.00 
15.00 
0.00 
I 
3.50 
80.00 
15.00 
80.00 
50.00 
20.00 
40.00 
5.00 
15.00 
80.00 
1.00 
80. 00 
9.00 
10 .00  
I I 
4.50 
95. 00 
100.00 
90. 00 
70.00 
10. 00 
70. 00 
25.00 
10 .00  
30. 00 
0.50 
95. CO 
5.00 
20.00 
III 
4.00 
87.00 
50.00 
85.00 
60.00 
15.00 
55.00 
10 .00  
13.00 
50.00 
0.75 
87.00 
7.00 
15.00 
IV 
2.50 
70.00 
80.00 
70.00 
90.00 
30.00 
90.00 
25.00 
2.00 
90.00 
1.00 
75.00 
11.00 
90.00 
V 
3.00 
70.0 0 
65.00 
80.00 
70.00 
25.00 
8 0 . 0 0  
20.00 
5.00 
80.00 
1 . 0 0  
70.00 
10 .00  
60.00 
5012 BYTES,TOTAL AREA AVAILA8LE= 32768 BYTES 
O. NUMBER OF WARNINGS= 0. NUMBER OF EXTENSIONS^ ' 
1.22 SEC. WATFIV - JUL 1973 V1L4 18.42.40 
WEDNESDAY 14 DEC 77 
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13. APPENDIX C. DESCRIPTION OF THE PREP CODES 
AND ITS INPUT DATA 
1. General Description 
The PREP codes is designed to find the minimal cut sets 
and/or the minimal path sets from the system's fault tree. 
The PEEP output will be in a format compatible for use with 
KETT. The programs were written in Fortran IV for the IBM 
360/75 computer, and are capable of finding the minimal cut 
and path sets for fault trees up to 2000 components and up 
to 2000 gates. The system's minimal cut sets may be ob­
tained by either deterministic testing or Monte Carlo simu­
lation. The system's minimal path sets are found by Monte 
Carlo simulation. 
In Deterministic Testing (COMBO), each component is 
first failed individually to obtain the one component mini­
mal cut sets. Next, every possible combination of two com­
ponents is failed to obtain the two component minimal cut 
sets. The algorithm proceeds in this manner until minimal 
cut sets are obtained having n components where n is speci­
fied by the user. In order to use COMBO, the starting (MIN) 
and ending (MAX) values for the number of components in the 
minimal cut sets found must be specified. If the minimum 
number specified is 0, then Monte Carlo simulation is used. 
The maximum number of components (MAX) allowed by the program 
38^  
is 10. 
In the Monte Carlo Simulation (FATE), the subroutine 
containing the simulation procedure, all the components are 
assumed nonrepairable and independent. Also, in FATE, fail­
ures of the components are chosen according to their failure 
distributions and TREE tested for a system failure. If a 
failure has occurred, then the set of components, •which are 
failed, is sorted to obtain the minimal cut sets. Once the 
minimal cut sets has been found, it is checked against all 
previously found minimal cut sets to eliminate duplicates. 
This procedure is called a Monte Carlo trial. An input 
switch (IDEXl) is provided vàiich causes the program to search 
for a minimal path set on any trial which does not result in 
system failure. The probability of a failure before time t 
for a component is computed by the exponential distribution. 
If P(T) is this probability of a failure before time T, then 
P(T) = 1 - ezp(-XT) C-1 
where 
\ = failure intensity (per hour) for the particular 
component, 
t = the time in hours. 
The PEEP codes is designed to accept the description 
of the system fault tree as an input, and to generate the 
appropriate logical equivalent, and obtain the system's 
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minimal cut or path sets. These minimal cut or path sets 
can then be used by the KETT (Appendix D) programs to obtain 
reliability information about the system. The PEEP is com­
posed of two sections; TREBIL which reads the input and 
generates the logical equivalent of the fault tree; and 
MINSET "ràiich obtains the minimal cut or path sets of the 
tree. 
The TREBIL program is designed to accept a description 
of the system fault tree in a format vâiich is familiar to 
engineers. This program generates a logical equivalent of 
that fault tree. Figure C-1 shows the input of the CACS 
system fault tree to the TREBIL program. The card contains 
the name of the gate, the type of the gate (AND or OR), the 
number and names of the other gates idaich are attached to 
it, and the number and names of components which are at­
tached to it. The TREBIL is designed to accept only "AND" 
gates, and "OR" gates as input. Figure C-2 shows iiie logi­
cal subroutine TREE generated by TREBIL in the case of CACS 
system. Each ccmponent is internally indexed by TREBIL, and 
is treated as an element in another FORTRAN logical array 
(called "A"). 
CORE AUXILIARY COOLING SYSTEM 
* DATA 
END 
* TREE 
TOP 
GATEl 
GATE2 
GATE3 
GATEM-
GATE 5^  
GATES 
GATE? 
GATES 
GATE9 
END 
* RATES 
COMPl 
C0MP3 
C0MP5 
C0MP7 
END 
L3 1 10 1 
0 0 0 0 0 
OR 2 0 GATEl GATEll 
OR 3 0 GATE2 GATE3 GATE^  
AND 2 0 GATE5 GATE 6 
AND 2 0 GATE? GATES 
AND 2 0 GATE9 GATEl0 
OR 0 6 COMPl C0MP2 C0MP3 COMP^  
OR 0 6 COMPl C0MP2 C0MP3 COMP^  
OR 0 6 COMPl C0MP2 C0MP3 COMP^  
OR 0 6 COMPl C0MP2 C0MP3 COMP^  
OR 0 6 COMPl C0MP2 C0MP3 COMP^  
OR 0 6 COMPl C0MP2 C0MP3 COMP^  
OR 1 1 GATE12 COMP? 
OR 0 5 C0MP2 C0MP3 COMP^  C0MP5 
8 . 0  
-^.0 
22.3 
100.0 
10.0 C0MP2 
3.0 COMP^  
.^0 C0MP6 
10.0 
C0MP5 
G0MP5 
COMPf 
COMP< 
C0MP5 
C0MP5 
C0MP6 
C0MP6 
C0MP6 
C0MP6 
C0MP6 
C0MP6 
C0MP6 
20.0 2.9 
22.3 5.0 
1.125 3.0 
Fig. C-1. Input of the fault tree to TREBIL program 
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f************************************************************* 
•TftEBIL FAULT TREE BUILDING PROGRAM 
******$*$***********************$»**************************** 
CORE AUXILIARY COOLING SYSTEM 
THIS IS THE SUBROUTINE GENERATED BY TREBIL 
SUBROUTINE TREE 
LOGICAL TOP.A{ 500j,X( 500) 
COMMON/TREES/A.X,TOP 
A( 1 ) — X( 1 } .CR.Xt 2).OR. X( 3) .OR.Xf 4) 
* #0R# X ( 5) 
A( 2) — X( 6) .CR.X( 1).OR. X( 2) .OR.X( 3) 
* .OR. X( 4) .OR. X( 5) 
A{ 3) = X( 6) .CR.X( 1).OR. X( 2J .OR.XC 3) 
* • OR. X( 4).OR. X< 5) 
A{ 4) = X( 6) .ORc X( 1).OR. X( 2) .OR.Xf 33 
* .OR. X( 4).OR. X( 5) 
A( 5) = X( 6) .OR.Xf 1) .OR. X{ 2) .OR.Xf 3) 
* .OR. X( 4).OR. X( 5) 
A( 6 ) — X( 6) .OR.XC 1).OR. X( 2) .OR.Xf 3) 
* . OR. X( 4).OR. X( 5) 
AC 7) = X( 6) .OR.X( 1).OR. X{ 2) •OR.Xf 3) 
* 
A( 8) _ 
.OR. 
A( 
X ( 
1 ) 
4).OR. X( 5) 
* .OR. X( 7) 
A( 9) = A( 3) «ANO.A( 2 ) 
A( 10) = At 5) .AND.A( 4) 
A{ 11 ) = A( 7) .ANO.AC 6) 
A( 12) - A( 11 ) .OR.A( 10).ORc A( 9) 
A{ 13) = A( 12) .CR.A( 8) 
TOP = A( 13) 
RETURN 
END 
THERE WERE 7 COMPONENTS INDEXED IN THIS TREE 
Fig. C-2. TREBIL program output 
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2. Input Data 
The input data to TREBIL consists of the three input 
groups ; 
1. Control information; 
2. The Fault Tree description; 
3. The failure and repair data for the components. 
The total input deck has the following format: 
1. TITLE CARD 
2. (COMMEIfTS CARDS) 
3. *bDATA (b = blank column) 
4. flKPUT GROUP 1 1 
(CONTROL INFORMATIONj 
5. END 
6. (COMMENTS CARDS) 
7. *bTREE 
8. [ INPUT GROUP 2 
/ FAULT TREE DESCRIPTION_ 
9. END 
10. (COMMENTS CARDS) 
11. *bRATES 
12. C INPUT GROUP 3 1 
I FAILURE AND REPAIR DATA j 
13. END 
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Input Group 1 consists of the control parameters and 
switches that determines the flow through MINSET, and de­
termines the type of the output obtained. Table C-1 shows 
the brief description of the contents of Input Group 1. 
Information required for Input Group 2 is the name of 
each gate in the fault tree, its type, the number of inputs 
to it, and the names of its input. The information is sup­
plied one gate per card. The input format for Input Group 2 
is given in Table C-2. 
Finally, the Input Group 3 is given in Table C-3. 
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Table C-1. Input Group 1 (control information) 
Input Card 
Quantity Columns Description 
Number of Cards = 2 
Card 1 Format (5110) 
NG 1-10 Number of logical gates in the fault 
tree. 
MIN 11-20 Smallest combinations to be tested de-
terministically. If ^IIN = 0, Monte 
Carlo simulation is used. 
MAX 12-30 Largest combinations to be tested 
deterministically. 
IDEXL 31-^ 0 Cut set - path set switch. If IDEXl = 
0, Tnimmal cut sets are found. If 
IDEXl =1, minimal path sets are found. 
IDEX2 4-1-50 Print-punch switch. If IDEX2 = 0, 
results are printed only. If IDEX2 = 
1, results are both printed and punched. 
Card 2 Format (4ll0,lF20.3) (This card will be blank if 
MiNX) on card 1) 
MCS 1-10 Smallest minimal cut sets to be found 
by Monte Carlo simulation. 
NREJEC 11-20 Number of random numbers to reject. 
NTR 21-30 Number of Monte Carlo trials to be run. 
IRBN 31-^ 0 Monte Carlo mixing parameter switch. 
EAA 1^-60 Monte Carlo mixing parameter. 
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TalDle C-2. Input Group 2 (fault tree description) 
Input Quantity Card Columns 
Number of Cards = NG 
Format for each card in Input Group 2 
1-8 (left justified) 1. Gate name (any 8 alphanumeric 
characters) 
2. Blank 
3. Gate type (AÎ©" or "OR") 
If. Blank 
5. Number of gate inputs 
6. Number of component inputs 
10-12 (left justified) 
13 
1^ -15" (right justified) 
16-17 (right justified) 
In the following input fields 
all of the gates input to the 
gate being described (if any) 
must precede the components 
input (if any). A maximum of 
7 inputs per gate is allowed. 
7. First input name 
8. Blank 
19-26 (left justified) 
27 
etc. etc. 
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Table C-3. Input Group 3 (failure and repair data) 
Input Card 
Quantity Columns Description 
Number of Cards = Variable 
Format (2(A8,2X,F10.6,F10.3,IX)) Information in this group is 
supplied for 2 components per 
card. 
1. NAM(I) 
2. Blank 
3. LMDA(I) 
5. Blank 
6. NÔM(J) 
7. Blank 
8. EMDA(J) 
9. TAU(J) 
1-8 
9-10 
11-20 
h, TAU(I) 21-30 
31 
32-39 
4-0-41 
V2-51 
52-61 
-th component name. 
Failure intensity per 10 hr. (X) for 
the I'th component if IMDA(I) > 0. If 
DIDA(I) < 0, then it is an inhibit or 
switch indicator. 
I^  ^component repair time or inhibit 
failure probability. 
component name lAiere I^ . 
Failure intensity for component 
Repair time for component. 
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llf. APPEKDIX D. DESCRIPTION OP THE KITT CODES 
AM) ITS INPUT DATA 
1. General Description 
The KETT codes consist of two sections: EITT-1 and 
KETT-2. KITT-1 can handle components which are nonrepairable 
or iiAiich have a constant repair time "c. Also, the failure 
intensity (X) of each component is assumed to be constant 
with respect to time. KITT-1 is a single phase component 
code, each component may have only one failure intensity X 
and one repair time T for all operation time (or be nonre-
pairable for all time). Besides the X and T for each com­
ponent, KITT-1 requires as input either the unique minimal 
cut sets of the fault tree or the unique mini mal path sets 
of the fault tree. 
KITT-2 is essentially identical to KITT-1 with regard 
to input and output. The difference between the two is the 
type of component failure and repair distributions vdaich can 
be handled. KITT-1 can handle components lAich have constant 
repair time (T) or which are nonrepairable and lôiich have 
constant failure intensities (X). Moreover, KITT-1 is a 
single phase code; each component must have only one value 
of T and one value of X for all time. KITT-2 can also 
handle components •sdiich have constant repair time, or ^ ich 
are nonrepairable, and "vAiich have constant failure intensi­
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ties. However, KITT-2 is a multiphase code. The component 
during different time intervals (phases) may have different 
reliability properties. In KITT-2, each component may have 
up to 50 unique phases, arbitrarily spaced, and hence de­
tailed, complex behavior can be investigated. 
2. Input Data 
The input data for KITT-1 and KITT-2 are listed in 
Tables D-1 and D-2 respectively. 
Table D~l. Input for KITT-1 
Input Roi 
Group of Format Input Data 
No. Cards 
1 1 10A8 Title Card 
2 1 110 NPROB 
3 1 110 NCOMP 
k Varies 8F10.0 XLMDA(I)5l=l,NC0MP 
5 Varies 8P10.0 TAU(I)^ 1=1,NCOMP 
6 1 110 ISTOP 
Information 
Any alphanumeric characters in the 
80 columns of the card. 
Number of parameter runs, (NPROB >1). 
Total number of components plus in­
hibit conditions (NCOMP <4-00). 
Component failure intensities Xi 
(per hour). The ith failure inten­
sity (Xji) corresponds with the com­
ponent of index i. A nonpositive 
failure intensity (Xi <0) denotes an 
inhibit condition. " 
Component repair times Ti (hours). 
The ith repair time (ti) corresponds 
with the component of index i. A 
nonpositive repair time (T^  <0) de­
notes a nonrepairable component. 
For an inhibit condition (Xi <0). 
is then the occurrence probability. 
Bracket flag. If ISTOP = 2, system 
reliability characteristics are ob­
tained from bracketing. If IST0P=1, 
they are not. 
Table D-1 (Continued) 
Input nôl 
Group of Format Input Data Information 
No. Cards 
7 1 2110, NTPT^ NOUT,DELTA Total number of time points at which 
FIO.O characteristics are obtained (NTPT < 
?0), print out multiple, spacing "" 
between time points (in hours). If 
DELTA <0.0, the time points are read 
in (Input Group 8). 
If DELTA >0.0, skip the next input group (Input Group 8). 
8 Varies 8F10.0 TOT(J);J=1,NTPT Time points (in hours) at which char­
acteristics are obtained. The time 
points must be in increasing order. 
If ISTOP = 1, skip the next two input groups (Input Groups 9 and 10). 
9 1 2110 NBMAX,IFAG2 Number of outer brackets to obtain 
(NBMAX <M-00). system failure rate 
correction flag. If IPAG2 = 2, the 
system failure correction term is com­
puted by bracketing. If IFAG2 = 1, 
this term is not computed. 
If IPAG2 = 1, skip the next input group (Input Group 10). 
10 Varies 8ll0 NB2(N);N=1,NBMAX Number of inner brackets for each 
outer bracket (NB2(N) <100). 
11 1 110 IPATH Set flag. If IPATH = 1, minimal cut 
sets are used. If IPATH = 2, minimal 
path sets are used. 
Table D-1 (Continued) 
Input Nôl ~ 
Group of Format Input Data Information 
No. Cards 
12 1 110 NCUT Number of minimal cut or path sets 
(NCUT<?00). 
For each set read in the following input group (Input Group 13)• 
13 Varies 8110 IMAX,ICUT(K,I)}I=1, Number of components plus inhibit con-
IMAX ditions in the set (IMA.X <19) j list of 
component and inhibit condition in­
dices in the set. For more than 7 in­
dices, continue on the next card with 
the same format (8110). 
For NPROB =1 (Input Group 2), there is no more input to be read in. If IPROB >1, 
read in the following input groups for each remaining pai'ameter run. 
1^  1 110 NLAM Number of components and inhibit con­
ditions which have different failure 
intensities (X) for the new parameter 
run. 
If NLAM =0 or NLAM <NCOMP, skip the next input group (Input Group 1!?A). 
l^ A Varies 8F10.0 XtMDA(I)5l=l,NC0MP The new failure intensities (per hour) 
for the parameter run. The components 
and inhibit conditions retain the same 
indices as for the first parameter run 
(i.e.; as for Input Group 4). 
Table D-1 (Continued) 
Input No. 
Group of Format Input Data Information 
No. Cards 
If NLAM = 0 or NLAM = NCOMP, skip the next input group (Input Group l^ B), 
1^  Varies (^110, IND(K) .XLMDA(IND(K) ); Index of component or inhibit condi-
FIO.O; K=1,NLAM tion having a new failure intensity, 
new failure intensity (per hour). 
The failure intensities not changed 
will retain their same values as in 
the preceding parameter run. 
16 1 110 NTAU Number of components and inhibit con­
ditions #iich have different repair 
times (T) for the new parameter run. 
If NTAU = 0 or NTAU <NCOMP, skip the next input group (Input Group 17A). 
17A Varies 8F10.0 TAU(I);I=1,NCOMP The new repair times (hours) for the 
parameter run. The components and 
inhibit conditions retain the same 
indices as for the first parameter 
run (i.e., as for Input Group )^. 
If NTAU = 0 or NTAU = NCOMP, skip the next input group (Input Group 17B). 
17B Varies (^IlO, IND(K)jTAU(IND(K)); Index of component or inhibit con-
FIO.O) K=1,NTAU dition having a new repair time, new 
repair time (hours). The repair 
times not changed will retain their 
same values as in the preceding 
parameter run. 
Table D-2. Input for KITT-2 
Input Nôû 
Group of Format Input Data 
No. Cards 
1 1 10A8 Title Card 
2 1 110 NCOMP 
3 1 2110, NTPT,NOUT,DELTA 
FIO.O 
If DELTA >0.0; skip the next input group 
h Varies 8P10.0 TOT(J)jJ=1,NTPT 
Information 
Any alphanumeric characters in the 80 
columns of the card. 
Total number of components plus inhibit 
conditions (NCOMP <3^ 0). 
Total number of time points at which 
characteristics are obtained (NTPT <50) 
print out multiple, spacing between 
times at which characteristics are ob­
tained At (in hours). If DELTA is less 
than or equal to zero, the time points 
are read in. If the print out multiple 
NOUT, equals 1 component and set char­
acteristics are printed out for every 
time point, if NOUT equals 2, component 
and set characteristics are printed out 
for every second time point, and so 
forth. 
(Input Group h), 
Time points (in hours) at which char­
acteristics are obtained. The time 
points may be arbitrarily spaced and 
may or may not include zero, but must 
be in increasing order. 
Table D-2 (Continued) 
Input No, 
Group of Format Input Data Information 
No. Cards 
? 1 110 ISTOP Bracket flag. If ISTOP = 2, system re­
liability characteristics are obtained 
from bracketing. If ISTOP = 1, they 
are not. 
If ISTOP = 1, skip the next two input groups (Input Groups 6 and 7). 
6 1 2110 NBMAX,IFAG2 Number of outer brackets to obtain 
(NBMAX <100), system failure rate cor-
rectiorTflag. If IFAG2 = 2, the system 
failure rate correction term is com­
puted by bracketing. If IFAG2 = 1, 
this term is not computed. 
If IFAG2 = 1, skip the next input group (Input Group 7). 
7 Varies 8llO NB2(N);N=1,NBMAX Number of inner brackets for each 
outer bracket (NB2(N) <30). 
For each component, read in the following seven input groups (Input Groups 8 
through 1^ +). Repeat for as many components as there are. 
8 1 2110 IDEX,NPHASE The component index, the number of 
phases for the component (NPHASE <^ 0). 
9 Varies 8F10.0 TP(L);L=1,NPHASE The end-times (hours) for each phase 
in order of increasing phase number. 
Phase 1 is always assumed to begin at 
t = 0. 
Table D-2 (Continued) 
No. 
of 
Cards 
Input 
Group 
no. 
Format Input Data Information 
10 1 110 IBPHA Boundary index (IBPHA <?0). If IBPHA = 
0, there are no boundary conditions im­
posed on the phase boundaries. If 
IBPHA >0, then IBPHA is the number of 
such boundary conditions. 
If IBPHA <0, skip the next two input groups (Input Groups 11 and 12). 
11 Varies 8110 IBPOX(K);K=1,IBPHA 
12 Varies 8F10.0 QBPOX(K);K=1,IBPHA 
13 Varies 8F10.0 XLMDA(L),TAU(L); 
L=1,NPHASE 
1^  FIO.O QOO 
Phase numbers for which there are im­
posed failed probabilities at the phase 
beginning time. 
Corresponding imposed failed probabil­
ity for phase IBPOG(K). 
The component failure intensity 
(per hour) and repair time Tr (hours) 
for Phase L; L=l, NPHASE. If <0, 
the component is nonrepairable, and 
-XT is its failure intensity'. If 
< 0, the component has a constant re­
pair intensity [xi,(per hour) and jxii = 
-IAL-
The initial failed probability at 
t = 0, q(0). 
If there are no inhibit conditions, skip the next three input groups (Input Groups 
15» through 17), 
Table D-2 (Continued) 
Input 
Group 
No. 
No. 
of 
Cards 
Format Input Data Information 
For each inhibit condition, read in the following three input groups (Input Groups 
1^  through 17). Repeat for as many inhibit conditions as there are. 
1^  
16 
1 2110 IDEX,NPHâSE 
Varies 8F10.0 TP(L);L=1,NPHASE 
The negative of the inhibit condition 
index, the number of phases for the 
inhibit condition (NPHASE <5^ 0). 
The end times (in hours) for each 
phase in order of increasing phase 
number. Phase 1 is always assumed to 
begin at t = 0. 
17 
18 
19 
Varies 8F10.0 PBOB(L);L=1,NPHASE Occurrence probabilities for each 
phase. 
no 
no 
IPATH 
NCUT 
Set flag. If IPATH = 1, minimal cut 
sets are used. If IPATH = 2, minimal 
path sets are used. 
Number of minimal cut or path sets 
(NCUT <^ 00). 
For each minimal cut or path set, read in the following input group (Input Group 
20) .  
20 Varies 8110 IMAX,ICUT(K,I) ; 
1=1, IMAX 
Number of components plus inhibit con­
ditions in the set (IMAX <19), list of 
components and inhibit condition in­
dices in the set. For more than 7 in­
dices, continue on the next card with 
the same format (8ll0). 
IfOlf 
15. APPEZroiX E. KETT OUTPUT RESULTS 
1. Keys to Information Results 
Key To "Minimal Set Information". If Minimal Path Sets Are 
Used. 
T (hours) = t, time (in hours) 
P = P(t), the minimal path set functioning 
probability 
W = W(t), the minimal path set failure rate 
(per hour) 
L = A(t), the minimal path set failure in­
tensity (per hour) 
t,\ 
WSUM = J "W(t')dt', the expected number of 
o 
failures to time t 
t-
NO FSDM = exp[-X /^ t')dt']; the probability of no 
o 
failure to time t 
Key To "System Information-Upper Bounds" 
T (hours) = t, time (in hours) 
Q = 1 - n [1 - Ô^ (t)], the upper bound for 
i=l  ^
2+05 
w 
Nq V 
Z w. (t), the upper bound for W^ (t) (per 
i=l  ^ ° 
hour) 
2 ¥,. (t) 
-
Nr 
, the upper bound for A (t) 
n [1 - Q. (t) ] (per hour) 
i=l  ^
WSTM 
t Nc  ^
J* [ 2 W^ (t')]dt', the upper bound for 
o i=l 
J- W^ CtOdt' 
o 
FSTM = 1 - 625) < - T 
Z W. (f) 
i=l  ^
Nr 
n [i - (t * ) ] 
i=l  ^
dt' 
r ' 
J 
the upper bound for 1 - ex5)[-J A^ (t')dt'] 
o 
Key To "Failure Bate Contributions" If Minimal Cut Sets Are 
Used 
WIMIN = (t)^ in, the best lower bound for ' (t) 
(per hour) 
406 
V 
"WIMAX = best upper bound for (t) 
(per hour) 
W2MIN = (t)^ i^ , the best lower bound for (t) 
(per hour) 
W2MAX = (t)^ ^^ , the best upper bound for (t) 
(per hour) 
Key To "Failure Rate Contributions" If Minimal Path Sets 
Are Used 
WIMIN = (t)^ .^^ , the best lower bound for (t) 
(per hour) 
KLMAX = (t)^ ^^ , the best upper bound for W^ ^^ (t) 
(per hour) 
W2MIN = W^ ^^ (t) ., the best lower bound for (t) 
(per hour) 
"W2KAX = best upper bound for (t) 
(per hour) 
h-07 
Key To "Differential Characteristics-Last Brackets" If Min­
imal Ci]t Sets Are Used 
If the exact values for system characteristics are 
obtained: 
QLAST = Q^ Ct), the exact value for the system 
failed probability 
V /•-] > 
VÎUAST = (t), its exact value (per hour) 
[WISI-MST]  ^ 0^^  ^(t), its exact value (per hour) 
Key to "Differential Characteristics-Last Brackets" If Min­
imal Path Sets Are Used 
QLAST = QQ(t), the exact value for the system 
failed probability 
WILAST = (t), its exact value (per hour) 
j WaSx'^ ST ] " "^ o^  ^(t), its exact value (per hour) 
Key To "Integral Characteristics-Best Brackets" 
t 
WMIN-STM = J" W^ (t' )^ .^^ dt ', the best lower bound for 
t 
; Wo(t')dt' 
o 
t 
WMAX-SIM = J W^ (t')^ y^dt', the best upper bound for 
t 
; Wo(t')dt' 
o 
4-08 
t 
EMIN-STM = 1 - exp[-X A^(t' , the best lower 
o 
t 
bound for 1 - exp[-X A^CtOdt' ] 
0 
t 
FMAX-SIM = 1 - exp[-J* A^(t' )^^^dt' ], the best upper 
t 
bound for 1 - ezp[-J" A^(t')dt'] 
0 
2. Output Results 
The output results appear on the pages following. 
* PROBLEM TITLE FOR THIS ANALYSIS BY KITT-J. CORE AUXILIARY COOLING SYSTEM 
NO. OF PARAMETER RUNS (NPRQO) = I  
NU. OF COMPONENTS AND INHIBIT CONDITIONS (NCOMP) = 7 
COMPONENT DATA «LAMBDA AND TAU) 
INON-POSITIVE TAU DENOTES NON-REPAIR) 
(NON-POSITIVE LAMBDA DENOTES INHIBIT CONOtTIONI 
INDEX LAMBDA TAU 
1 2.000000ODD-OS 2.50000000D 00 
2 4.000000000-06 3.000000000 00 
3 2.23000000D-05 5.000000000 00 
4 2.230000000-05 5.000000000 00 
S 1.1OOOOOOOD-06 3.00000000D 00 
6 8.000000000-06 I .000000000 01 
7 1«OOO0OOOOD-04 1.000000000 01 
BRACKET FLAG (ISTOP). IF IST0P=2 SYSTEM INFORMATION IS OBTAINED FROM BRACKETING. IF ISTOP=I IT IS NOT. 
FOR THIS PROBLEM ISTOP = 2 
trOr OF TIME POINTS (NTPT) = 20 
PRINT OUT MULTIPLE (NOUT) = 1 
MESH SIZE (DELTA) = 2.000000000 00 HOURS 
NL' CR OF OUTER BRACKETS (NBHAX) = 7 
LURE RATE CORRECTION FLAG (1FA02) = 2 
i : NER BRACKETS FOR IFAG2=2 
OUTER BRACKET NO. (H) NO. OF INNER BRACKETS (NB2(M)) 
1 / 
2 6 
3 5 
4 4 
5 3 
6 2 
7 i 
SET FLAG (IPATH). IF IPATH=1 MINIMAL CUT SETS ARE USED. 
FOR THIS PROBLEM IPATH = 1 
NO. OF SETS (NCUT) = 7 
SET INFORMATION 
IF IPATH=2 MINIMAL PATH SETS ARE USED. 
P 
o 
SET NO. I .  WITH 
SET NO. 2, WITH 
SET NO. 3. WITH 
SET NO. 4f WITH 
SET NO. 5. WITH 
SET NO. 6t WITH 
SET NO. 7. WITH 
COMPONENTS - 2 
COMPONENTS - 3 
COMPONENTS -  4 
COMPONENTS - 5 
COMPONENTS - 6 
COMPONENTS -  I  
COMPONENTS -  7 
COMPONENT AND INHIBIT INFORMATION 
CHARACTERISTICS FOR COMPONENT NO. = 1 
T (HOURS) Q W L WSUM FSUN 
»0 0.0 2 •  00000000-05 2.0000000D-05 0. 0 0. 0 
z •OOOOOOOD 00 3#9999125D-05 1 .99992000-05 2^00000000-05 3. 99992000-05 3. 99992000-05 
•OOOOOOOD 00 4.9997750D-05 1 •99990000-05 2.0000000D-05 7. 99974000-05 7. 99960000-05 
>.00000000 00 4.9997500D-05 1 '•99990000-05 2«00000000-05 1« 19995400-04 1« 19992000-04 
•OOOOOOOD 00 4#9997500D-05 1 .99990000-05 2«00000000-05 1. 59993400-04 1 •  59987200-04 
! •OOOOOOOD 01 4*99975000-05 1 •9999000D-05 2 «00000000-05 t .  99991400-04 1 •  9996000D-04 
: •2000OOOD 01 4.99975000- 05 1 .99990000-05 2«00000000-05 2. 39909400-04 2# 39971200-04 
! •40000000 01 4.99975000- 05 1 .99990000-05 2«O0OO0OOD-O5 2. 79967400-04 2. 79960800-04 
•. •60000000 01 4.99975000- 05 t  •99990000-05 2.00000000-05 3. 1990S40D-04 3« 19940810-04 
I  •OOOOOOOD 01 4.9997500D-05 I  o9999000D-05 2 .00000000-05 3. 59983400-04 3# 59935210-04 
2 •OOOOOOOD 01 4.99975000- 05 1 •99990000-05 2.00000000-05 3. 9990 1400-04 3. 99920010-04 
! •2000000D 01 4.99975000- 05 1 .99990000-05 2 ^ 00000000-05 4. 3997940D-04 4« 39903210-04 2 #40000000 01 4.99975000- 05 1 #99990000-05 2^00000000-05 4. 7997 7400-04 4. 79884820-04 
2 •60000000 01 4.99975000- 05 1 .99990000-05 2.00000000-05 5. 19975400-04 5. 19064020-04 
2 #80000000 01 4.99975000- 05 1 •99990000-05 2^00000000-05 5. 59973400-04 5. 59043230-04 
3 •OOOOOOOD 01 4.99975000- 05 1 •99990000-05 2.00000000-05 5. 99971400-04 5. 99820040-04 
3 •20000000 01 4.99975000-•05 1 .99990000-05 2 .OOOOOOOD-05 6# 39969400-04 6. 3979S240-04 
3 •40000000 01 4.99975000- 05 1 #99990000-0% 2.00000000-05 6. 79967400-04 6. 79768850-04 
3 #60000000 01 4.99975000--05 1 •  99990000-0!5 2.00000000-05 7. 19965A0D-04 7. I974086D-04 
3 •  3000 OOOD 01 4.9997500D- 05 1 •99990000-05 2.00000000-05 7. 5996340D-0 4 7. 59711270-04 
CHARACTERISTICS FOR COMPONENT NO. = 2 
T (HOURS) 0 M L WSUM FSUM 
3# 0 0 .0 4 .OOOOOOOD-Oil  4 •00000000-06 0# 0 0^0 
2 .  OOOOOOOD 00 7 #99996400-06 3 .99996800-0(~ 4 #00000000-06 7. 99996800-06 7.99996800-06 
)# OOOOOOOD 00 1 .19993920-05 3 .99995200-06 4 .00000000-06 1. 59998800-05 U59990720-05 
•=•• OOOOOOOD 00 1 .19998560-05 3 .999952 00-06 4 .00000000-06 2. 39997920-05 2.399 97120-05 
8. OOOOOOOD 00 I  .19998560-05 3 •99995200-06 4 .00000000-06 3. 19996960-05 3^19994080-05 
I  .  OOOOOOOD 01 1 .19993560- 05 3 •99995200-06 4 •00000000-06 3. 99996000-05 3.99992000-05 
1 •  20000000 01 1 #19998560- 05 3 •99995200-06 4 •00000000-06 4# 7999 5040-05 4^79988400-05 
1  .  40000000 01 1 •19998560- 05 3 •99995200-06 4 .00000000-06 5. 59994000-05 5.59984320-05 
60000000 01 1 .19998560-05 3 •999952 00-06 4 •00000000-06 6. 39993120-05 6.39979520-05 
8000 0000 01 1 #19998560- 05 3 .99995200-06 4 •00000000- 06 7# 19992160-05 7.19974080-05 
2* OOOOOOOD 01 1 .19998560- 05 3 •99995200-06 4 •00000000- 06 7. 99991200-05 7#9996G00O-05 
20000000 01 1 •19990560- 05 3 .99995200-06 4 •00000000- 06 8. 79990240-05 0.79961280-05 
2 .  40000000 01 1 •19990560-05 3 •99995200-06 4 #00000000- 06 9. 59989280-05 9#59953920^-05 
60000000 01 1 .19990560- 05 3 .99995200-06 4 •00000000-06 U 03990830-04 1•03994590-04 
aooooooo 01 1 .19990560- 05 3 .999952 00-06 4 •  00000000- 06 1 •  I  1998740-04 1•11993730-04 
3, OOOOOOOD 01 1 .19998560- 05 3 •99995200-06 4 •00000000- 06 U 19990640-04 1.19992300-04 
3 .  20000000 01 1 •19998560-05 3 •99995200-06 4 •OOOOOOOD- 06 U 2799054D-04 1.27991810-04 
4 0000000 01 1 #19998560- 05 3 #999952 00-06 4 •00000000- 06 1. 35998450-04 1#35990750-04 
60000000 01 1 •19990560-•05 3 •99995200-06 4 •00000000-06 1. 43993350-04 l^43989630-04 
eooooooD 01 1 •19998560- 05 3 •999952 00-06 4 •  00000000-•06 !• 51990260-04 1^5198845D-04 
CHARACTERISTICS FOR COMPONENT NO. = 3  
T (HOURS) 0 W L ttSUM F SUM 
c. 0 0 •  0 2.23000000-05 2 •2300000D-OS 0. 0 0« 0 
1 « OOOOOOOO 00 4 .45907570-05 2.22990050-05 2 «23000000-05 4. 45990050-05 4. 4 5990050-05 
i  « oooooooo 00 6 •9195649D-05 2.22980110-05 2 •23000000-05 S. 91960220-05 8. 91960220-05 
6 • OOOOOOOO 00 1 .11491920-04 2,22975140-05 2 •23000000-05 1. 33791550-04 1^ 33791050-04 
OOOOOOOD 00 1 •  1 146B81D- 04 2.22975140^05 2 •23000000-05 1. 78366570-04 t .  78J64090-04 
1 .  oooooooo 01 1 .11487570- 04 2.22975140-05 2 •23000000-05 2. 22981600-04 2. 22975140-04 
I m 20000000 01 1 « I  1407570- 04 2.22975140-05 2 .23000000-05 2. 67576630-04 2m 67564200-04 
I  • 40000000 01 1 •11467570-04 2.22975140-05 2 .23000000-05 3. 12171660-04 3« 12151270-04 
1 •  60000000 01 1 •11487570-04 2.22975140-05 2 .23000000-05 3. 56766680-04 3. 56736350-04 
\m OOOOOOOO 01 1 •11487570- 04 2.22975140-05 2 .23000000-05 4« 0136 17 10-04 4. 0 1319450-04 
OOOOOOOD 01 1 •11487570- 04 2.22975140-05 2 •23000000-05 4. 45956740-04 4. 45900560-04 
2. 20000000 01 1 ,11487570-04 2.22975140-05 2 .23000000-05 4. 90551770-04 4# 90479680-04 
2. 4000000D 01 1 •11487570- 04 2.22975140-05 2 .23000000-05 5. 35146600-04 5. 35056810-04 
3 * 60000000 01 I  «11487570- 04 2.22975140-05 2 .23000000-05 5. 79741820-04 5. 79631950-04 
2 •  60000000 01 1 #11487570- 04 2.22975140-05 2 •23000000-05 6. 24336850-04 6. 24205100-04 
J« OOOOOOOO 01 1 .11467570- 04 2.22975140-OS 2 .23000000-05 6. 66931680-04 6« 68776270-04 
3. 20000000 01 1 • l1487570- 04 2.22975140-05 2 •23000000-05 7. 13526910-04 7. 1334S450-04 
3. 40000000 01 1 *11487570-•04 2.22975140-05 2 •23000000-05 7. 58121930-04 7. 57912640-04 
3.  60000000 0 1 1 •11487570- 04 2.22975140-05 2 «23000000-05 8. 02716960-04 8. 02477840-04 
3. 8000 OOOO 01 1 «11487570-•04 2.2297514O-0S 2 .23000000-05 0. 47311990-04 8. 4 704 1 060-04 
CHARACTERISTICS FOR COMPONENT NO. = 4 
T (HOURS) 0 W L WSUM FSUM 
0. 0 0.0 2^ 23000000-05 2.23000000-05 0. 0 0. 0 
2. OOOOOOOD 00 4.45967570-05 2. 22990050-05 2.23000000-05 4. 45990050-05 4. 45990 050-05 
4« OOOOOOOD 00 8.91956490-05 2. 22980110-05 2*23000000-05 8. 91960220-05 8. 91960220-05 
6. 0000 0000 00 1,11491920-04 2. 22975140-05 2.2300000D-05 1. 33791550-04 1« 33791050-04 
8. OOOOOOOD 00 1.11488810-04 2. 22975140-05 2.23000000-05 1. 78396570-04 1. 78384090-04 
I .  OOOOOOOO 01 1«11467570-04 2. 22975140-05 2.23000000-05 2. 22981600-04 2. 22975140-04 
t .  20000000 01 1•11487570-04 2. 22975140-05 2.23000000-05 2. 67570630-04 2. 6 7564200-04 
I  .  40000000 01 1.11487570-04 2. 22975140-05 2.2300000D- 05 3. 12171660-04 3. 12151270-04 
1 .  60000000 01 1,11487570-04 2. 22975140-05 2.2300000D- 05 3. 56766680-04 3^ 56736350-04 
1 .  80000000 01 1#11487570- 04 2. 2297514O-0S 2.23000000- 05 4. 01361710-04 4* 0 1319450-04 
1.  OOOOOOOD 01 1.11487570- 04 2. 22975140-05 2.23000000- 05 4. 45956740-04 4. 45900560-04 
a .  20000000 01 1.11487570- 04 2. 2297S14O-0S 2.23000000- 05 4. 9055 1770-04 4. 904 79680-04 
2. 40000000 01 1.11487570- 04 2. 22975140-05 2.23000000- 05 5. 35146800-04 5. 35056810-04 
2. 60000000 01 1.11467570- 04 2. 22975140-05 2«23000000- 05 5. 79741820-04 5. 79631950-04 
2. 80000000 01 1.11467570- 04 2. 22975140-05 2.23000000- 05 6. 243366ÎSO-04 €>m 2420S10D-04 
3. OOOOOOOO 01 1.11487570- 04 2. 22975140-05 2*23000000- 05 6. 66931800-04 6# 68776270-04 
i .  20000000 01 1^11487570-04 2. 22975140-05 2.23000000- 05 7. 13526910-04 7. 1334S45D-04 
3. 40000000 01 1.11487570- 04 2 .  22975140-05 2«23000000-05 7. 56121930-0* 7. 57912640-04 
3. 60000000 01 1.11487570- 04 2. 22975140-05 2.23000000- 05 6. 02716960-04 8. 02477840-04 
if 80000000 01 1.11487570-04 2. 22975140-05 2.23000000-05 8. 47311990-04 8. 47041 C60-04 
CHAnACTËRISTICS FOR COMPONENT NO. = 5 
T (HOURS) Q W L WSUH rsuH 
0 0 0.0 1 •10000ÛOD-06 1 •  10000000-06 0. 0 0. 0 
r  •00000000 00 2.19999730-06 1 •09999760-06 1 •lOOOOOOD-06 2. 19999760-06 2m 1999976D-06 
4 .OOOOOOOD 00 3.2999910D-06 1 •0999964D-06 1 •1000000D-06 4. 39999150-06 4. 3 9999030-06 
6 .00000000 00 3.2999091D-06 1 •0999964D-06 1 •10000000-06 6. 5999 8430-06 6o 5999782D-06 
0 .OOOOOOOD 00 3.2999G910-06 1 •09999640-06 1 •  10000000-06 8. 79997700-06 8.  79996130-06 
t  .00000000 01 3.2999091D- 06 1 •0999964D-06 1 •10000000-06 1. 09999700-05 1* 0999940f>-05 
1 •20000000 01 3#29998910 -06 1 •0999964D-06 1 •10000000-06 1. 3 1999620-05 1. 31999130-05 
1 .40000000 01 3.29998910-06 1 .09999640-06 1 • I  0000000-06 I .  53999550-05 1. 53990810-05 
I  •60000000 01 3.29998910- 06 1 .09999640-06 I •10000000-06 I .  7!>9994aD-05 1. 76998450-05 
I •aooooooo 01 3.29998910-06 1 .09999640-06 1 •  10000000-06 1^ 9799941D-05 1 .  9 7998040-05 
2 •OOOOOOOD 01 3^2999091D- 06 1 .09999640-06 1 .10000000-06 2. 19999330-05 2. 19997500-05 
2 .20000000 01 3.29998910-06 1 •09999640-06 1 • 10000000-06 2* 41999260-05 2. 41997070-05 
2 •40000000 01 3.29998910-06 1 •09999640-06 1 •  10000000-06 2. 63999I90-05 2. 6399652D-0S 
2 •60000000 01 3.29990910-06 1 .09999640-06 1 •lOOOOOOD-06 2« 85999120-05 2. 85995910-05 
2 •aooooooo 01 3.29998910- 06 1 •09999640-06 1 .10000000-06 3. 07999040-05 3« 07995260-05 
3 •OOOOOOOD 01 3.2999G910- 06 1 •09999640-06 1 •  10000000-06 3. 29998970-05 3. 29994560-05 
3 •20000000 01 3.29996910- 06 1 •09999640-06 1 .10000000-06 3. 51998900-05 3. 51993800-05 
3 .40000000 01 3.29998910- 06 1 •09999640-06 1 •  10000000—06 3. 73996830-05 3. 73993010-05 
3 •60000000 01 3.2999cJ9l0--06 1 •0999964D-06 1 •10000000-06 3. 95998750-05 3. 95992160-05 
3 •aoooooop 01 3^29998910- 06 1 .09999640-06 1 •10000000-06 4^ 1799868D-0S 4« 1799126D-05 
CHARACTERISTICS FOR COMPONENT NO. = 6 
T (HOURS) 0 W L HSUM FSUM 
0 •  0 0.0 a •00000000-06 a. 00000000-06 0. 0 0^ 0 
2 •OOOOOOOD 00 1•59996300-05 7 •99907200-06 a.  00000000-06 1. 599987m-05 !• S999872D-05 
4 •OOOOOOOD 00 3,19993600- 05 7 •99974400-06 6. 00000000-06 3. 19994880-05 3« 19994880-05 
6 •OOOOOOOD 00 4^7998720D-05 7 .99961600-06 8^ 00000000-06 4. 79908400-05 4^ 79980400-05 
0 •OOOOOOOD 00 6.39977600-05 7 .99948800-06 a.  OOOOOOOD-06 6* 39979520-05 6. 39979520-05 
1 .0000OOOD 01 7.99968000-05 7 .99936000-06 8^ 00000000-06 7^ 99968000-05 7. 99968000-05 
1 -20000000 01 7.99958400-05 7 •99936000-06 8. 00000000-06 9. 59955200-05 %• 59953920-05 
1 •4000000D 01 7.99948800- 05 7 •99936000-06 8. 00000000-06 1. 1 199424D-04 1 « 1 199373D-04 
1 •60000000 01 7.99942400-05 7 •99936000-06 a*  00000000-06 1. 27992960-04 1. 27991810-04 
1 •aooooooo 01 7,99939200- 05 7 •99936000-06 8. OOOOOOOD-06 1. 4399 1680-04 !• 4398963D-04 
2 •OOOOOOOD 01 7.99936000- 05 7 •9993601D-06 8. OOOOOOOD-06 1. 59990400-04 1. 59987200-04 
2 •20000000 01 7.99936000- 05 7 .99936010-06 8« 00000000-06 1. 75989120-04 !• 75984510-04 
2 •40000000 01 7.99936000- 05 7 •99936010-06 8^ 00000000-06 1. 91987840-04 1. 91981570-04 
2 .60000000 01 7.99936010-05 7 .99936010-06 00000000-06 2. 07986560-04 2. 0797837D-04 
•80000000 01 7.99936010- 05 7 •99936010-06 Qm 00000000-06 2. 23985280-04 2. 23974910-04 
3 •OOOOOOOD 01 7.99936010-•05 7 •99936010-06 &• 00000000-06 2. 39984000-04 2. 39971200-04 
J •20000000 01 7.99936010- 05 7 •99936010-06 Qm 00000000-06 2. 5598272D-04 2. 5S96723O-04 
3 •  4 OOOOOOD 01 7.99936010-05 7 .99936010-06 o • 00000000-06 2^ 7 198 1440-04 Z* 7 1963010-04 
3  .60000000 01 7.99936010- 05 7 •99936010-06 a« 00000000-06 2^ 87960160-04 2. 87958530-04 
•aooooooo 01 7.99936010- 05 7 •99936010-06 a*  00000000-06 3. 03978880-04 3. 03953800-04 
CHAHACTERISI  ICS FOR COMPONENT NO. = T 
r  (MOUHS) 0 H  L WSUM FSUM 
0 0.0 1.00000000-04 1.00000000-04 0.0 0. 0 
'  oooooooo 00 1.99950010-04 9.99800050-05 1.00000000-04 1.99980000-04 1.99980000-04 
^.oooooooo 00 3.99900020-04 9.99600100-05 1.00000000-04 3.99920020-04 3.99920010-04 
c.oooooooo 00 5.99000050-04 9.99400200-05 1.00000000-04 5.99020050-04 5.99820C4D-04 
'3.00000000 00 r.99650110-04 9.99Z0 0 3 50- 05 1.00000000-04 '7.99680100-04 7.99680090-04 
1.oooooooo o t  9.99500170-04 9.99000500-05 1.00000000-04 9.99500190-04 9.99500170-04 
1 .20000000 01 9.99350300- 04 9.99000650-05 1 .00000000-04 I .  19930030-03 1.19928030-03 
I  .40000000 01 9.99200430- 04 9.99 000800-05 1.00000000-04 1.39910040-03 1.39902050-03 
1.60000000 01 9.99100570- 04 9.99000900-05 1.00000000-04 1.59390060-03 1.59B72070-03 
1.8000 0000 01 9.99050 700- 04 9.99000950-05 1.00000000-04 1.7987 0080-03 1.79030100-03 
2.00000000 01 9.99000B30-04 9.99001000-05 1.00000000-04 1.99050100-03 I .99800130-03 
2.20000000 01 9.99000390- 04 9.99001000-05 1.00000000-04 2.19030I20-03 2.19768100-03 
2.40000000 01 9.99000950- 04 9.99001000-05 1.00000000-04 2.39010140-03 2.39712230 -03 
2.60000000 01 9.99000980-04 9.99001000-05 1.00000000-04 2.59790160-03 2.59662290-03 
2.30000000 01 9.99000990-04 9.99001000-05 1.00000000-04 2.79770100-03 2.79608370-03 
3.00000000 01 9.99001000-04 9.99001000-05 1.00000000-04 2.99750200-03 2.99550450-03 
3.20000000 01 9.99001000--04 9.9900lOOD-05 1.00000000-04 3.19730220-03 3.19430550-03 
3.40000000 01 9.99001000- 04 9.99001000-05 1.00000000-04 3.39710240-03 3.39422650-03 
J.bOOOOOOO 01 9.99001000--04 9.99001000-05 1.00000000-04 3.5969 0260-03 3.59352780-03 
3.00000000 01 9.99001000-04 9.99001000-05 1.00000000-04 3.79670280-03 3.79270910-03 
MINIMAL SET INFORMATION 
CHARACTERISTICS FOR SET NO. = 1 
T (HOURS) 0 W  L WSUM FSUM 
0.0 0.0 4.00000000-06 4 .00000000-06 0. 0 0.0 
2.OOOOOOOO 00 7.99996400-06 3.99996800-06 4.00000000-06 7.9999680D-06 7.99996800-06 
4.OOOOOOOO 00 1.19990920-05 3.999952 00-06 4.00000000-06 1 « 5999 8880-05 1.59998720-05 
6.OOOOOOOO 00 1.19998560--05 3.99995200-06 4 .00000000-06 2.39997920-0 5 2.39997120-05 
a.OOOOOOOO 00 1.19990560-05 3.99995200-06 4.00000000-06 3.1999696O-0S 3.19994880-05 
I  .OOOOOOOO 01 1.19990560--05 3.99995200-06 4.00000000-06 3.99996000-05 3.9999200O-0S 
1 .20000000 01 1.19990560--05 3.99995200-06 4.00000000-06 4.79995040-05 4.79980400-05 
t .40000000 01 1.19990560-05 3.99995200-06 4.00000000-06 5.59994080-05 5.59904320-05 
1.6000 0000 01 1.19998560-05 3.99995200-06 4 .00000000-06 6.39993120-05 6.39979520-05 
1.oooooooo 01 1.t  9990660-05 3.99995200-06 4.00000000-06 7. 19992160-05 7.19974080-05 
2.oooooooo 01 1.19990560-05 3.99995200-06 4.00000000-06 7.99991200-05 7.99968000-05 
2.20000000 01 1.19998560--05 3.9999620D-06 4.00000000-06 8.79990240-05 8.79961200-05 
2.40000000 01 1.19990560--05 3.99995200-06 4.00000000-06 9.59989280-05 9.59953920-05 
2.60000000 01 1.19998560-05 3.999952 00-06 4 . 00000000-06 1.03996630-04 1.03994590-04 
2.3000000D 01 1.19993560-05 3.99995200-06 4.00000000-06 1.11998740-04 1. 1 1993730-04 
3.00000000 01 1.19990560--05 3.99995200-06 4 .00000000-06 1.19998640-04 1.19992800-04 
3.20000000 01 1.19998560 -05 3.999952 00-06 4.00000000-06 1.27998540-04 1.27991310-04 
3.40000000 01 1.19990660--05 3.99995200-06 4.00000000-06 1.35990450-04 1.35990750-04 
7.60000000 01 1 .19990560--05 3.99995200-06 4.00000000-06 1.43998350-04 1.43989630-04 
'  .3000 0000 01 1.19998560 -05 3.99995200-06 4.00000000-06 1.51990260-04 1.51900450-04 
CHARACTERISTICS FOR 
T (HOURS) 
0 
2>00000000 00 
4.00000000 00 
&.00000000 00 
i .OOOOOOOO 00 
I.00000000 01 
I.20000000 01 
1.40000000 01 
1.60000000 01 
1.80000000 01 
a.00000000 01 
2.20000000 01 
2.40000000 01 
2.60000000 01 
2.80000000 01 
J.00000000 01 
3.20000000 01 
3.40000000 01 
3.60000000 01 
3.<10000000 01 
O 
0 . 0  
4.45907570-05 
8.91956490-05 
1.11491920-04 
1.11408810-04 
1.11487570-04 
1.11407570-04 
1.11487570-04 
1.11407570-04 
1.11487570-04 
1.11487570-04 
1.11487570-04 
1.11487570-04 
1.11487570-04 
1.11487570-04 
1.11487570-04 
1.11487570-04 
1.11487570-04 
1.11487570-04 
1.1:487570-04 
w 
2.23000000-05 
2*22990060-05 
2.22980110-05 
2.22975140-05 
2.229/5140-05 
2.22975140-05 
2.22975140-05 
2.2297514D-05 
2.22975140-05 
2.22975140-05 
2.22975140-05 
2.2297514D-05 
2. 229751 40-05 
2.22975140-05 
2.22975140-05 
2.22975140-05 
2.22975140-05 
2.22975140-05 
2.22975140-05 
2.22975140-05 
CHARACTERISTICS FOR 
T (HOURS) 
0. 0 
00000000 00 
4. 0000 0000 00 
0000OOOD 00 
a. 00000000 00 
I .  00000000 01 
I  • 2000 0000 01 
1 •  40000000 01 
60000000 01 
1 • 8000OOOD 01 
2. 0000 0000 01 
J.  20000000 01 
2. 4 OOOOOOO 01 
/T- 6000000D 01 
r  . 80000000 01 
J- oooooooo 01 
J. 20000000 01 
34 40000000 01 
3: 60000000 01 
> « 30000000 01 
0 
0 . 0  
4.45987570-05 
3.91956490-05 
1.11491920-04 
1.11480010-04 
1.11487570-04 
1.11487570-04 
1.11407570-04 
1.11487570-04 
1.11487570-04 
1.11437570-04 
1.11487570-04 
1.11487570-04 
1.11487570-04 
1.11487570-04 
1.11487570-04 
1.11487570-04 
1.11487570-04 
1.11407570-04 
1.11487570-04 
H 
2.23000000-05 
2.22990050-05 
2.22930110-05 
2.22975140-05 
2.22975140-05 
2.22975140-05 
2.22975140-05 
2.22975140-05 
2.22975140-05 
2.2297S140-05 
2.22975140-05 
2.22975140-05 
2.2297514D-05 
2.2297514D-05 
2.22975140-05 
2.2297514D-05 
2.22975140-05 
2.2297S140-05 
2.2297514D-05 
2.22975140-05 
L 
2.23000000-05 
2.23000000-05 
2.23000000-05 
2.63000000-05 
2.23000000-05 
2.23000000-05 
2.33000000-05 
2.23000000-05 
2.23000000-05 
2.23000000-05 
2.23000000-05 
2.23000000-05 
2.23000000-05 
2.23000000-05 
2.23000000-05 
2.23000000-05 
2.23000000-05 
2.23000000-05 
2.23000000-05 
2.23000000-05 
WSUM 
O. 0 
4.45990050-05 
8.91960220-05 
1.3379ISSO-04 
1.78386570-04 
2. 229(31600-04 
2.67576630-04 
3.12171660-04 
3.S67666C0-04 
4.01361710-04 
4.45956740-04 
4.90551770-04 
5.35146800-04 
5. 7974 1C20-04 
6.24336850-04 
6.68931880-04 
7.13526910-04 
7.58121930-04 
8.02716960-04 
8.47311990-0 4 
FSUH 
O. o 
4.45990 050-05 
0.91960220-05 
1.33791050-04 
1.78384090-04 
2.22975140-04 
2.67564200-04 
3.12151270-04 
3.£6736350-04 
4.01319450-04 
4.45900560-04 
4.904 79680-04 
5.35056810-04 
5.79631950-04 
6.24205100-04 
6.68776270-04 
7.1334 545D-04 
7.57912640-04 
8.02477040-04 
8.47041060-04 
NO. = 3 
L WSUM FSUH 
2 •23000000-05 0« 0 0. 0 
2 $23000000- 05 4. 45990050-05 4. 45990 050-05 
2 •  23000000- 05 8. 9196022D-05 8. 91960220-05 
2 •23000000-05 1 .  33791550- 04 1 •  33791050-04 
2 •23000000- 05 1. 78306570-04 1^ 70384 090-04 
2 •  23000000-05 2^ 22981600-04 2. 22975140-04 
2 •23000000- 05 2^ 67576630-04 2« 67564200-04 
2 •23000000" 05 3* 12171660-04 3. 12151270-04 
2 •23000000- 05 3. 56766680- 04 3» 56736350-04 
2 •23000000-05 4^ 01361710- 04 4. 01319450-04 
2 •23000000- 05 4. 45956740-04 4. 45900560-04 
2 •23000000- 05 4. 9055 1770- 04 4^ 904 79680-04 
2 •23000000- 05 5^ 35146800- 04 5, 35056810-04 
2 •23000000- 05 5. 79741820-04 5« 79631950-04 
2 •23000000- 05 &• 24336850- 04 6. 24205100-04 
2 •23000000- 05 6# 60931880- 04 6^ 68776270-04 
2 •2300000L- 05 ?• 13526910- 04 7m 13345450-04 
2 •  23000000- 05 7. 58121930-04 7, 57912640-04 
2 •23000000- 05 0^ 02716960-•04 8# 02477840-04 
2 .23000000- 05 8, 47311990-•04 8« 4 7041 060-04 
CHARACTERISTICS FOR SET NO. = 4 
T (HOURS) 0 W L USUH FSUH 
0. 0 0.0 t.10000000-06 .  10000000-06 0.0 0. 0 
2. 00000000 00 2.19999730-06 1.09999760-06 .10000000-06 2.19999760-06 2. 19999 760-06 
4. 00000000 00 3.29999100-06 1.09999640-06 .  10000000-06 4.399991SO-06 4. 39999030-06 
6. OOOOOOOD 00 3.29998910-06 1.09999640-06 .  10000000-06 6.5999043D-06 6. 59997020-06 
a. OOOOOOOO 00 3.29998910-06 1.09999640-06 .10000000-06 0.79997700-06 B. 79996130-06 
1. 00000000 01 3.29990910- 06 1.09999640-06 .10000000-06 1.09999700-05 1. 09999400-05 
1. 20000000 01 3.29990910-06 1.09999640-06 .10000000-06 1.31999620-05 1. 3 1999I30-05 
1. 40000000 01 3.29990910- 06 1.09999640-06 .10000000-06 1.53999550-05 1 .  53998810-05 
1. 60000000 01 3.29998910-06 1.09999640-06 
.10000000-06 1.75999460-05 I  .  75996 450-05 
1. OOOOOOOD 01 3.29990910-06 1.09999640-06 .10000000-06 1.97999410-05 1. 979Ç8C40-05 
2. OOOOOOOO 01 3.29990910- 06 1.09999640-06 .  10000000-06 2.19999330-05 2. 19997580-05 
2. 20000000 01 3.29998910- 06 1.0999964D-06 .10000000-06 2.41999260-05 2. 41997 070-05 
2. 40000000 01 3.29998910-06 1.09999640-06 •10000000-06 2.63999190-05 2. 63996520-05 
2. 60000000 01 3,29090910- 06 1.09999640-06 .10000000-06 2.85999120-05 2. 85995910-05 
2. OOOOOOOO 01 3.29990910- 06 1.09999640-06 .  10000000-06 3.07999040-05 3. 07995260-05 
3. OOOOOOOO 01 3.29990910-06 1.09999640-06 .10000000-06 3.29998970-05 3. 29994560-05 
3. 20000000 01 3.29990910- 06 1.09999640-06 .I 0000000-06 3.51996900-05 3. 51993600-05 
3. 40000000 01 3.29990910- 06 1.09999640-06 .10000000-06 3.73998830-05 3. 73993010-03 
3. 60000000 01 3.29998910- 06 1.09999640-06 .10000000-06 .1.95998750-05 3. 9 599216D-05 
3. OOOOOOOO 01 3.29990910- 06 I .09999640-06 .  10000000-06 4.17996600-09 4. 17991260-05 
CHARACTERISTICS FOR SET NO. = 5 
T (HOURS) 0 W L WSUW F5UM 
0. 0 0.0 0 .00000000-06 8.00000000-06 0. 0 0. 0 
2. OOOOOOOD 00 1.59996800- 05 7 .99987200-06 8.00000000-06 1 .  59998720-05 1. 59996720-05 
4. OOOOOOOO 00 3.19993600-05 7 <*99974400-06 8.OOOOOOOO-06 3. 19994660-05 3. 19994060-05 
6« OOOOOOOO 00 4.79987200-05 7 .99961600-06 6.00000000-06 4. 79988460-05 4. 79988430^05 
8. OOOOOOOD 00 6.39977600-05 7 .99946800-06 6.00000000-06 6#39979520-05 6. 39979520-05 
1. OOOOOOOO 01 7.99968000-05 7 .99936000-06 8.00000000-06 7. 99966000-05 7. 9996C00O-05 
1* 200000ÛO 01 7.99958400- 05 7 .99936000-06 8.00000000*06 9. 5995520D-05 9. 59953920-05 
t .  4000000D 01 7.99948800- 05 7 .99936000-06 8.00000000-06 1. 11994240-04 1. 1 1993730-04 
1. 60000000 01 7.99942400-05 7 •99936000-06 8.00000000-06 1. 2799 2960-04 1. 27991010-04 
1 •  8000 0000 01 7.99939200- OS 7 .99936000-06 6.00000000-06 1. 43991660-04 1. 43989630-04 
2. OOOOOOOD 01 7.99936000-05 7 «99936010-06 8.00000000-06 1. 5999 0400-04 1. 59987200-04 
a .  20000000 01 7.99936000-05 7 .9993601D-06 (  ^ OOOOOOOO 06 1. 75969120-04 1. 75964510-04 
2. 40000000 01 7.99936000-05 7 .99936010-06 8.00000000-06 1. 91987840-04 1 .  91981370-04 
2. 60000000 01 7.99936010- 05 7 .99936010-06 0.00000000-06 2. 07986560-04 2. 07978370-04 
2. 6000 0000 01 7.99936010- 05 7 .99936010-06 8.00000000-06 2. 23985260-04 2. 23974910-04 
3 «  OOOOOOOO 01 7.99936010- 05 7 .99936010-06 8.00000000-06 2. 39984000-04 2. 39971200-04 
3« 20000000 01 7.99936010-•05 7 .99936010-06 6.00000000-06 2. 55962720-04 2. 55967230-04 
3« 40000000 01 7.99936010-•05 7 .99936010-06 8.00000000-06 2. 71981440-04 2. 7 1963010-04 
3« 60000000 01 7.99936010-•05 7 .99936010-06 8.00000000-06 2. 87980160-04 2. 87956530-04 
3, ,80000000 01 7.99936010-•05 7 .99936010-06 8.00000000-06 3. 03976660-04 3. 039 53800-04 
CHARACTEHISTICS FOR SET NO. -  6 
T (HOun 10) 0 W L kSUM F SUM 
f> ,0 0 .0 2 •  00000000-05 2 •  00000000-05 0^ 0 0. 0 
.UQOOOOOOO 00 3 •99991250-05 1 •99992000-05 2 •00000000-05 3. 99992000-05 3« 99992000-05 
4,OOOOOÛOO 00 4 •99977500-05 1 •99990000-05 2 .00000000-05 ?• 99974000-05 7. 99966000-05 
'-.«OOOOOOOD 00 4 «9997S00D-05 1 •99990000*05 2 •00000000-05 1« 19995400-04 t  « 19992800-04 
OOOOOOOO 00 4 «99975000- 05 1 .99990000-05 2 •00000000-05 1. 59993400-04 1. 59907200-04 
I#0000oooo 01 4 .99975000-05 1 •99990000-05 2 •  00000000-05 I« 99991400-04 1« 99980000-04 
1 *20000000 01 4 .99975000- 05 1 .99990000-05 2 «00000000-05 Zm 39989400-04 2« 39971200-04 
1 «40000000 01 4 •99975000- 05 1 •99990000-05 2 •00000000-05 2* 79987400- 04 2. 79960800-04 
I«60000000 01 4 .99975000- 05 1 •99990000-05 2 •00000000-05 3. 19985400-04 3. 19948810-04 
1 ,80000000 01 4 •99975000- 05 1 .99990000-05 2 •00000000-05 3» 59903400-04 3. 59935210-04 
2«00000000 01 4 .99975000- 05 1 .99990000-05 2 •00000000-05 3» 99981400-04 3. 99920010-04 
(*•20000000 01 4 •99975000- 05 1 .99990000-05 2 •00000000-05 4^ 39979400-04 4. 39903210-04 
2«40000000 01 4 .99975000- 05 1 .99990000-05 2 •00000000-05 4« 79977400- 04 4# 79304820-04 
^«60000000 01 4 .99975000-05 1 .99990000-05 2 •00000000-05 5. 19975400- 04 5. 19864820-04 
2« 8000 0000 01 4 .99975000-•05 1 •99990000-05 2 •  00000000-05 S« S997 340D- 04 5. 59843230-04 
3« 00000000 01 4 .99975000- 05 1 •9999000D-05 2 •00000000-05 5. 99971400- 04 5. 99820040-04 
3.2000 0000 01 4 .99975000- 05 1 •99990000-05 2 •00000000-05 6 • 39969400' 04 6« 39795240-04 
3.40000000 01 4 •99975000- 05 1  •  99990000-05 2 •00000000-05 6# 79967400- 04 6. 79768850-04 
3« 60000000 01 4 •99975000-05 1  •99990000-05 2 •00000000-05 7. 19965400- 04 7« 19740860-04 
3.80000000 01 4 .99975000-05 1 •99990000-05 2 •00000000-05 7. 59963400- 04 7.  59711270-04 
CHARACTERISTICS FOR SET NO. = 7 
T (HOURS) 0 W L WSUM FSUM 
0.0 0.0 1*00000000-04 1 •00000000-04 0^ 0 0. 0 
2.OOOOOOOO 00 1.99950010-04 9^9900005D-05 1 •00000000-04 1. 99980000-04 1« 99980000-04 
4« 00000000 00 3.99900020-04 9^996001OD-05 1 •00000000-04 3^ 99920020-04 3« 99920010-04 
6.OOOOOOOO 00 5.99800050-04 9.99400200-05 1 •00000000-04 5^ 99820050-04 5« 99820040-04 
8.OOOOOOOO 00 7.99650110- 04 9.9920035O-0S 1 •00000000-04 7- 99600100-04 7. 99600090-04 
1 «OOOOOOOO 01 9.99500170- 04 9.99000500-05 1 .00000000-04 9^ 99500190-04 9^ 99500I70-04 
1.20000000 01 9.99350300-04 9.99000650-05 1 •00000000-04 1 •  19930030-03 l« 19928030-03 
1«40000000 01 9.99200430- 04 9.99000800-05 1 •00000000-04 1 •  39910040-03 1 « 39902050-03 
1«60000000 01 9^99100570- 04 9*99000900-05 1 •00000000-04 1# 59890060-03 1* 59072070-03 
1 « 8000 0000 01 9.99050700- 04 9*99000950-05 1 •00000000-04 1. 7987 0080-03 1. 79836100-03 
2*00000000 01 9^99000830- 04 9.99001OOD-05 1 «00000000-04 1 •  99850100-03 1 « 99800130-03 
^.20000000 01 9*99000890- 04 9.99001000-05 1 «00000000-04 2. 19830120-03 2« 19753180-03 
2*40000000 01 9^9900095D-•04 9.99001000-05 1 •00000000-04 2. 39810140-03 2. 39712230-03 
2*60000000 01 9^99000980- 04 9.99001000-05 1 «00000000-04 2. 59790160-03 2. 59662290-03 
2.0000 0000 01 9^99000990-•04 9.99001000-05 1 •00000000-04 2. 79770180-03 2« 79608370-03 
J«00000000 01 9.99001OOO-•04 9*99001000-05 1 •00000000-04 2. 99750200-03 2« 99550450-03 
3.20000000 01 9.99001000-•04 9.99001OOD-05 1 •00000000-04 3. 19730220-03 3. 19408550-03 
3.40000000 01 9.99001000-•04 9.99001000-05 1 •00000000-04 3# 39710240-03 3^ 3942265D-03 
3.60000000 01 9.99001000-04 9^99001000-05 1 •00000000-04 3. 5969 0260-03 3« 59352780-03 
i.OOOOOOOO 01 9*99001OOO-•04 9^99001000-05 1 •00000000-04 3. 79670280-03 3« 79278910-03 
SYSTEM INFORMAT I  DNt-UPPER WOUNDS 
DIFFERENTIAL CHARACTERISTICS-UPPER BOUNDS 
T (HOURS) 
0 •  0 
2 .000000000 00 
4 •OOOOOOOOD 00 
6 •000000000 00 
a «OOOOOOOOD 00 
1 •OOOOOOOOD 01 
1 •200000000 01 
\ •400000000 01 
1 •600000000 01 
1 •000000000 01 
2 •OOOOOOOOD 01 
2 •  200000000 01 
2 •40000000D 01 
2 •600000000 01 
2 •OOOOOOOOD 01 
3 •OOOOOOOOD 01 
3 •200 00000D 01 
3 •400000000 01 
3 •600 00000D 01 
3 •800000000 01 
0 «0 
3 •5S3060060-04 
6 •  754498660-04 
9 •35836648D-04 
1 •  151594 940-03 
1 •367350560- 03 
1 •367199790-03 
1 •  367049020- 03 
1 •366948550- 03 
1 •366098390- 03 
1 •366048220-03 
1 •366840200-03 
1 •366348340-03 
1 •3668483 70- 03 
1 •366640360-03 
1 •  366848390-03 
I  • 366848390- 03 
1 •366043390- 03 
1 •366048390- 03 
1 •366848390- 03 
W 
.777000COO-04 
.776770530-04 
.776547240-04 
.7 76336120-04 
.776134990-04 
.775933660-04 
.7739340 10-04 
.775934160-04 
.775934260-04 
.775934310-04 
.775934360-04 
.775934360-04 
.775934360-04 
.775934360-04 
.775934360-04 
.775934360-04 
.775934360-04 
.775934360-04 
.775934360-04 
.775934360-04 
L 
.777000000-04 
.777402060-04 
.777748020-04 
.778000040-04 
.778162740-04 
.778365510-04 
.770365390-04 
.778365270-04 
.770365190-04 
.770365150-04 
.778365120-04 
.770365120-04 
.778365120-04 
.770365120-04 
.770365120-04 
.770365120-04 
.770365120-04 
.770365120-04 
.778365120-04 
.778365120-04 
INTEGRAL CHARACTERISTICS-UPPER BOUNDS 
T (HOURS) 
2« 000000000 00 
4^ OOOOOOOOD 00 
6. OOOOOOOOD 00 
0^ OOOOOOOOD 00 
! •  OOOOOOOOD 01 
1. 200000000 01 
! •  400000000 01 
1. 600000000 01 
1 •  OOOOOOOOD 01 
2* OOOOOOOOD 01 
2. 200000000 01 
2^ 400000000 01 
2^ 600000000 01 
2. 800000000 01 
3m OOOOOOOOD 01 
3. 200000000 01 
3. 400000000 01 
3^ 60000000D 01 
3« 800000000 01 
HSUM 
3.553770530-04 
7.107080310-04 
1.065997170-03 
1.421244200-03 
1.776451160-03 
2.1316379SO-03 
2.406024770-03 
2.042011610-03 
3.197196470-03 
3.5S238S330-03 
3.907572210-03 
4.262759080-03 
4.61794S950-03 
4.973132820-03 
5.3283 19690-03 
5.683506570-03 
6.030693440-03 
6.393000310-03 
6.749067100-03 
FSUM 
3.553770440-04 
7.107025450-04 
1.065961480-03 
1.421137520-03 
1.776223770-03 
2.I  31201970-03 
2 .486053910-03 
2.8407796SO-03 
3.195379230-03 
3.549852710-03 
3.904200130-03 
4.256421530-03 
4.612516980-03 
4.966486500-03 
5.320330150-03 
5.67404796D-03 
6.027640000-03 
6.301106290-03 
6.73444 6860-03 
SYSTEM INFORMAT ION-BEST BRACKETS 
DIFFERENTIAL CHARACTERISTICS-BEST BRACKETS 
T (HOURS) 
• 0 
.00000000 00 
•00000000 00 
1.00000000 00 
1.00000000 00 
.00000000 01 
.20000000 Oi 
.40000000 01 
.60000000 01 
.00000000 01 
i .OOOOOOOO 01 
! .20000000 01 
! .40000000 01 
i.OOOOOOOO 01 
00000000 01 
I .OOOOOOOO 01 
1.20000000 01 
I .<0000000 01 
1.60000000 01 
I.OOOOOOOO 0 1 
QMIN 
0 . 0  
3.55306100-04 
6.75449870-04 
9.35836650-04 
1.IS15949D-03 
1.36735060-03 
1.36719980-03 
1.36704900-03 
1 .36694860-03 
1.36689840-03 
1 .36684820-03 
1.36684830-03 
1.36684830-03 
1 .36684840-03 
1.36684 840-03 
1.36684840-03 
1.36684 840-03 
1.36684840-03 
1.36664 840-03 
1.36684840-03 
OMAX 
0.0 
3.55306100-04 
6.75449870-04 
9.35836650-04 
1.15159490-03 
1.36735060-03 
I .36719980-03 
1.36704900-03 
1.36694860-03 
1.36689340-03 
I .36684820-03 
1.36684030-03 
1.36684830-03 
1.36684040-03 
1.36684 340-03 
1.36684840-03 
1.36684840-03 
1.36684840-03 
1.36684840-03 
1.36684840-03 
WHIN 
1.77700000-04 
1.77636860-04 
1.77579970 04 
1.77533700-04 
1.77495360-04 
1.77457020-04 
1.77457050-04 
1.77457080-04 
1.77457090-04 
1.77457100-04 
1.77457110-04 
1.77457110-04 
1.77457110-04 
1.77457110-04 
1.77*57110-04 
1.77457110-04 
1.77457110-04 
1.77457110-04 
1.77457110-04 
1.77457110-04 
kHAX 
1.77700000-04 
1.77636860-04 
1.77579970-04 
1.77533700-04 
1.77495360-04 
1.77457020-04 
1.77457050-04 
1.77457080 04 
1.77457090-04 
1.77457100-04 
1.77457110-04 
1.77457110-04 
1.77457110-04 
1.77457110-04 
1.77457110-0 4 
1.7, '4571 10-04 
1.77457110-04 
1.7 '4571lD-0 4 
1.77457110-04 
1.77457110-04 
LMIN 
I .77700000-04 
I.77700000-04 
1.77700000-04 
1.77700000-04 
1.77700000-04 
1.77700000-04 
I .77700000-04 
1.77700000-04 
1.77700000-04 
1.77700000-04 
1.77700000-04 
1.77700000-04 
1.77700000-04 
1.77700000-04 
1.77700000-04 
I .77700000-04 
1.77700000-04 
1 .77700000-04 
1.77700000-04 
1.77700000-04 
LMAX 
.77700000-04 
.77700000-0» 
.77700000-04 
.77700000-0» 
.77700000-04 
.77700000-04 
.77700000-04 
.77700000-04 
.77700000-04 
.77700000-04 
.77700000-04 
.77700000-04 
.77700000-04 
.77700000-04 
.77700000-04 
.77700000-04 
.77700000-04 
.77700000-04 
.7770 0000-00 
.77700000-04 
FAILURE 
T IHOURS I  
) .0  
2*00000000 00 
».00000000 00 
6.0000000D 00 
0.00000000 00 
l .OOOOOOOO 01 
1^20000000 01 
I .40000000 01 
1.60000000 01 
1.00000000 01 
2.00000000 01 
2.20000000 01 
2.40000000 0 1 
2.60000000 01 
2.00000000 01 
3.00000000 01 
3.20000000 01 
3.40000000 0 1 
3.60000000 01 
3.00000000 01 
« IMIN 
1.77700000-04 
1.77677050-04 
I .77654720-04 
I.77633610-04 
1.77613500-04 
1.77593390-04 
1.77593400-04 
I .77593420-04 
1.77593430-04 
I .77593430-04 
1.77593440-04 
1.77593440-04 
1.77593440-04 
1 .77593440-04 
1.77593440-04 
1.77593440-04 
1.77593440-04 
1.77593440-04 
1.77593440-04 
1.77593440-04 
MIMAX 
1.77700000-04 
I .77677050-04 
1.77654720-04 
1.77633610-04 
1.77613500-04 
1.77593390-04 
1.77593400-04 
1.77593420-04 
1.77593430-04 
1.77593430-04 
1.77593440-04 
1.77593440-04 
1.77593440-04 
1.77593440-04 
1.775 93440-04 
1 .7 7593440-04 
1.77593440-04 
1.77593440-04 
1.7759344D-04 
1.77593440-04 
VE CONTRIBUTIONS 
H2MIN 
0 . 0  
4.01913000-00 
7.47517340-08 
9.99100590-08 
1.1B137450-07 
1.36364200-07 
1.363S2400-07 
1.36340600-07 
1.36332020-07 
1.36320900-07 
1.36324970-07 
1.36324900-07 
1.36324980-07 
1.36324960-07 
1.36324900-07 
1.36324980-07 
1.36324930-07 
1.36324900-07 
1.36324900-07 
1.36324900-07 
H2HAX 
0 . 0  
4.01913000-00 
7.47517340-00 
9.99100S9D-00 
1.101374SO-07 
I .36364280-07 
1.36352480-07 
1.36340600-07 
1.36332020-07 
1.36320900-07 
1.36324970-07 
1.36324^60-07 
1.36324980-07 
1.36324900-07 
1.36324900-07 
I .36324980-07 
1.36324900-07 
1.36324900-07 
1.36324900-07 
1.36324900-07 
HMIN 
1.77700000-04 
1.77636060-04 
1 .77579970-04 
1.77533700-04 
I .7749536D-04 
I .7 745 7 02 0-04 
1.77457050-04 
I .77457080-04 
1.77457090-04 
1.7745710D-04 
1.77457110-04 
I .77457l lD-04 
I  .77457110-04 
1.77457110-04 
I .77457110-04 
1.77457110-04 
1.77457110-04 
1.77457110-04 
1.77437110-04 
1.774571lD-04 
WHAX 
I .77700000-04 
1.77636860-04 
1.77579970-04 
1.77533700-04 
1.77495360-04 
1.77457020-04 
1.77457050-04 
1.77457080-04 
1.77457090-04 
1.77457100-04 
1.77457110-04 
1.77457110-04 
1.77457110-04 
1 « 77457110-04 
1.77457110-04 
1.77437110-04 
1.774571lD-04 
1.77437110-04 
1.77457110-04 
1.77457110-04 
T (HOURS) 
0.0 
2 * 0 0 0 0 0 0 0 0  0 0  
4.0000000D 00 
6.OOOOOOOD 00 
a . 0 0 0 0 0 0 0 0  0 0  
1«OOOOOOOD 01 
1.20000000 01 
1.40000000 01 
1.60000000 01 
i . a o o o o o o o  0 1  
2.OOOOOOOD 01 
2.2000000D 01 
2.40000000 01 
2.6000000D 01 
2.80000000 01 
3.OOOOOOOD 01 
3.20000000 01 
3.4000000D 01 
60000000 01 
4lOOOOOD 01 
DIFFERENTIAL < 
OLAST 
0.0 
3.SS30610D-04 
6.7544987D-04 
9.350366SD-04 
I.1S1S9490-03 
1.36735060-03 
1.36719980-03 
1.36704900-03 
1.36694 860-03 
1.36689840-03 
1.36684820-03 
1.3668483D-03 
1.3668483D-03 
1.3668404 0-03 
1.36684840-03 
1.36684840-03 
1.3668484O-03 
1.36684840-03 
1.36684 84 0-03 
1.36684 840-03 
ACTERISTICS-LAST 
WILAST 
1.77700000-04 
1.77677050-04 
1.77654 720-04 
1.77633610-04 
1.77613500-04 
1.7759339D-04 
1 .77593400-04 
1.77593420-04 
1.7 7593430-04 
1.77593430-04 
1.77593440-04 
I.77593440-04 
1.77593440-04 
1.77593440-04 
1.77593440-04 
1.77593440-04 
1.77593440-04 
1.77593440-04 
1.77593440-04 
1.77593440-04 
BRACKETS 
W2M:N-LAST 
0 . 0  
4 .01913880-08 
7.47517340-08 
9.99100590-08 
1.18137450-07 
1.36364^00-07 
1 .36352480-07 
1.36340580-07 
1.36332820-07 
1.36328900-07 
1.36324970-07 
1.36324980-07 
1.36324980-07 
1.36 324980-07 
1.36324980-07 
1.36324900-07 
1.36324980-07 
1.36324960-07 
1 .3632498D-07 
1.36324980-07 
M2MAX-LAST 
0 . 0  
4.01913880-08 
7.47517340-00 
9.99100590-08 
1 .18137450-07 
1 .36364280-07 
1.36352480-07 
1 .36340680-07 
1.36332820-07 
1 .36328900-07 
1 .36324 970-07 
1.36324980-07 
1.36324980-07 
1 .36324980-07 
1 .36324980-07 
1.363249SO-07 
1.36324980-07 
1 ,36324980-07 
1 .36324980-07 
1 .36324980-07 
S) 
00 
00 
00 
00 
01 
01  
01 
01 
01 
LM 
01 
0 1  
01 
0 1  
01 
01 
01 
01 
01 
INTEGRAL CHARACTERIST1CS-BEST BRACKETS 
WMIN-SUM 
3.55336360-0* 
7.10553700-04 
1.06566740-03 
1.42069640-03 
1.77564880-03 
2.1305629D-03 
2.48547700-03 
2.84039120-03 
3.19530540-03 
3.55021960-03 
3.90513380-03 
4.26004800-03 
4.61496230-03 
4.96987650-03 
5.32479070-03 
5.6797049D-03 
6.03461910-03 
6.38953340-03 
6.74444760-03 
WMAX-SUM 
3.55336 860-04 
7.10553700-04 
1.06566740-03 
1 .42069640-03 
1.77364880-03 
2.130S629D-03 
2.48 547700- 03 
2.84039120-03 
3.19530540-03 
3.55021960-03 
3.90513380-03 
4.26004800-03 
4.61496230-03 
4.96987650-03 
5.32479070-03 
5.67970490-03 
6.03461910-03 
6o3895334D-03 
6.74444760-03 
FMIN-SUM 
3.5533685D-04 
7.10547440-04 
1.06563180-03 
1.42059000-03 
1.77542210-03 
2.13012810-03 
2.48470800-03 
2.83916190-03 
3.19348990-03 
3.54769200-03 
3.90176820-03 
4.25571870-03 
4.60954330-03 
4.96324220-03 
5.31681540-03 
5.67026300-03 
6.02358500-03 
6.37678150-03 
6.72985240-03 
FHAX-SUH 
3.55336850-04 
7.10547440-04 
1.0656318D-03 
1.42059000-03 
1 
.77542210-03 
2.t3012SlD-03 
2.48470000-03 
2.83916190-03 
3. 19348990-03 
3.54769200-03 
3.90176620-03 
4.25571870-03 
4.60954330-03 
4.96324220-03 
5.31681540-03 
5.67026300-03 
6.02358 500-03 
6.3767015D-03 
6.72985240-03 
f>0 
*****CONCLUSION OF OUTPUT FROM KITT-1***** 
t t * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * « ^ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
• PROBLEM TITLE FOR THIS ANALYSIS BY KITT-2. CORE AUXILIARY COOLING SYSTEM 
•«. OF COMPONENTS AND INHIBIT CONDITIONS <NCOMP> = 7 
«. OF TIME POINTS (NTPT) = 20 
'RINT OUT MULTIPLE (NOUT) = I  
4ESH SIZE (DELTA) = 2.000000000 00 HOURS 
KIACKET FLAG (ISTOP). IF IST0P=2 SYSTEM INFORMATION IS OBTAINED FROM BRACKETING. IF ISTOP=1 IT IS NOT. 
FOR THIS PROBLEM ISTOP = 2 
NUMBER OF OUTER BRACKETS (NaMAX) = 7 
FAILURE RATE CORRECTION FLAG (IFAG2) = 2 
INNER BRACKETS FOR 1FAG2=2 
3UTER BRACKET NO. (M) NO. OF INNER BRACKETS <NB2(H)») 
1 7 
2 6 
; i  5 
4 4 
5 3 
6 2 
7 1 
COMPONENT AND INHIBIT INFORMATION 
COMPONENT INDEX = I  NO. OF PHASES = I  
PHASE END TIMES (HOURS) 
PHASE END TIME PHASE END TIME PHASE END TIME 
1 StOOOOOOOOD 01 
THERE ARE NO IMPOSED 80UNDARV CONDITIONS (LBPHA-0) 
FAILURE INTENSITIES (LAMBDA, AND REPAIR TIMES (TAU) FOR THE INDIVIDUAL PHASES 
(NEGATIVE LAMBDA DENOTES NO REPAIR. NEGATIVE TAU DENOTES TAU IS INVERSE REPAIR INTENSITY) 
PHASE LAMBDA TAU PHASE LAMBDA TAU 
I  2,O0O00OO0D-05 2.50000000D 00 
UJITIAL FAILED PROBABILITY FOR PHASE 1 (000) = 0.0 
COMPONENT RELIABILITY CHARACTERISTICS 
T (HOURS) 0 W L WSUM F SUM 
0.0 0 .0 2 •00000000-05 2^00000000-05 0. 0 0. 0 
2.00000000 00 3 .99991250-05 1 •99992000-05 2 .00000000-05 3 .  99992000-05 3. 9999200D-05 
4.0000 000D 00 4 .99977500-05 I  •99990000-05 2.00000000-05 7 ,  99974000-05 7. 9996000D-05 
6.OOOOOOOD 00 4 .99975000-05 1 .9999000D-0S 2.0000000D-05 !• 19995400-04 1. 19992600-04 
a.00000000 00 4 .99975000- 05 1 •99990000-05 2.00000000-05 1 .  59993400-04 1 .  599Û7200-04 
1.OOOOOOOD 01 4 .99975000-05 1 .99990000-05 2.00000000-05 !• 9999140D-04 I  .  99900000-04 
1.20000000 01 4 .99975000- 05 1 •99990000-05 2.00000000-05 2. 39909400-04 2. 39971200-04 
1.40000000 01 4 .99975000- 05 1 •99990000-05 2.00000000-05 2. 79907400-04 2. 79960800-04 
1.60000000 01 4 .99975000-05 1 .99990000-05 2.00000000-05 3. 19935400-04 3. 19940010-04 
1.80000000 01 4 .99975000-05 I  •99990000-05 2.00000000-05 3. 59983400-04 3. 599352lD-04 
2.OOOOOOOD 01 4 .99975000- 05 1 .99990000-05 2.OOOOOOOD-05 3. 99981400-04 3. 99920010-04 
2.2000000D 01 4 .99975000- 05 1 •99990000-05 2*00000000-05 4. 39979400-04 4. 39903210-04 
2,40000000 01 4 .99975000- 05 1 .99990000-05 2.00000000-05 4. 7997740D-04 4. 7988482D-04 
2.6000000D 01 4 •99975000- 05 1 •9999000D-0S 2.00000000-05 5. 1997540D-04 5. 19B6432O-04 
2.OOOOOOOD 01 4 .99975000-•05 1 •99990000-05 2.00000000-05 5^ 59973400-04 5. 59043230-04 
3.OOOOOOOD 01 4 .99975000- 05 1 •99990000-05 2.00000000-05 5. 99971400-04 5. 9982004D-04 
3.20000000 01 4 .99975 000-•05 1 •99990000-05 2.00000000-05 6. 39969400-04 6# 39795240-04 
3.40000000 01 4 .99975000- 00 1 •99990000-05 2.00000000-05 6. 79967400-04 6« 7976885D-04 
J.OOOOOOOD 01 4 .99975000- 05 1 •99990000-05 2.00000000-05 7 ,  19965400-04 7. 19740860-04 
3.8000000D 01 4 .99975000- 05 1 •9999000D-05 2.00000000-05 7. 5996 3400-0 4 7. 59711270-04 
COMPOSENT INDEX -  2 NO. OF PHASES = 1 
PHASE END TIMES (HOURS) 
PHASE END TIME PHASE END TIME PHASE EN» TIME 
I  S.000000000 01 
THERE ARE NC IMPOSED BOUNDARY CONDITIONS <1BPHA=0I 
FAILURE INTENSITIES (LAMBDA) AND REPAIR TIMES (TAU) FOR THE INDIVIDUAL PHASES 
(NEGATIVE LAMBDA DENOTES NO REPAIR. NEGATIVE TAU DENOTES TAU IS INVERSE REPAIR INTENSITY) 
PHASE LAMBDA TAU PHASE LAMBDA TAU 
I  4.000000000-06 3.000000000 00 
INITIAL FAILED PROBABILITY FOR PHASE I  (QOO) = 0.0 
COMPONENT RELIABILITY CHARACTERISTICS 
T (HOURS) 0 W L MSUM FSUM 
0 .0 0 0 4.00000000-06 4.00000000-06 0. 0 0. 0 
a .00000000 00 7 99996400-06 3.99996800-06 4.00000000-06 7. 99996800-06 7. 99996000-06 
4 .00000000 00 1 19993920-05 3.99995200-06 4.00000000-06 1. E999£8e0-05 1 .  59998720-05 
6 .00000000 00 1 1999856D-05 3.999952 00-0(1 4.00000000-06 2. 39997920-05 2. 39997120-05 
3 .00000000 00 1 19998560-05 3.99995200-06 4.OOOOOOOD-06 3. 1999 6960-05 3 .  19994080-05 
1 .OOOOOOOD 01 1 19998560- 05 3.99995200-06 4.00000000-06 3. 99996000-05 3.. 99992000-05 
,20000000 01 1 19998560- 05 3.99995200-06 4.00000000-06 4. 79995040-05 4„ 79988480-05 
•4000 0000 01 1 19998560- 05 3.99995200-06 4*00000000-06 5. 5999408D-05 5„ 59984320-05 
I  .60000000 01 1 19996560- 05 3.99995200-06 4.00000000-06 6. 39993120-05 6, 39979520-05 
I  •OOOOOOOD 01 1 19998560- 05 3.99995200-06 4.00000000-06 7. 19992160-05 7, 19974080-05 
2 .OOOOOOOD 01 1 19998560-05 3.99995200-06 4.00000000-06 7. 99991200-05 7, 99968000-05 
2 «20000000 01 1 19998560- 05 3.99995200-06 4.00000000-06 8. 7999 024D-05 8. 7996128D-05 
2 .40000000 01 1 I999BS60- OS 3.99995200-06 4.OOOOOOOD-06 9. 59909280-05 9. 59953920-05 
2 .60000000 01 I  19993560- 05 3.999952OD-06 4.00000000-06 1. 039988307-04 1 .  03994590-04 
3 .60000000 01 1 19998960- 05 3.99995200-06 4.00000000-06 1. 11998740-04 1 .  1I993730-04 
1.OOOOOOOD 01 1 1999856D-0S 3.9999S200-06 4.00000000-06 1. 19998640-04 1. 19992800-04 
3 ^ 20000000 01 1 I  9998560- 05 3.9999S200-06 4.00000000-06 1. 27998540-04 1 .  27991810-04 
3 ,40000000 01 1 19998560- 05 3.99995200-06 4.00000000-06 1. 35998450-04 I  .  3599075D-04 
C .60000000 01 1 19993560-05 3.99995200-06 4.00000000-06 1. 43998350-04 1. 43989630-04 
.3000 0000 01 1 199985607 05 3.99995200-06 4.00000000^06 1. 5199 8260-04 1. 51908450-04 
PHASE 
1 
END TIME 
5,000000000 01 
COMPONENT INDEX = 3 NO. OF PHASES = 1 
PHASE END TINES (HOURS I  
PHASE END TIME PHASE END TIME 
THERE ARE NO IMPOSED BOUNDARY CONDITIONS (IBPHA=0) 
FAILURE INTENSITIES (LAMBDA) AND REPAIR TIMES (TAU» FOR THE INDIVIDUAL PHASES 
(NEGATIVE LAMBDA DENOTES NO REPAIR. NEGATIVE TAU DENOTES TAU IS INVERSE REPAIR INTENSITY) 
PHASE LAMBDA TAU PHASE LAMBDA TAU 
1 2.230000000-09 S.OOOOOOOOD 00 
INITIAL FAILED PROBABILITY FOR PHASE I  (OOO) = 0.0 
COMPONENT RELIABILITY CHARACTERISTICS 
T (HOURS) a W L «SUM FSUM 
0. 0 0 0 2.23000000-05 2,23000000-05 0.0 0.0 ON 
2. 00000000 00 4 45987570-05 2.22990050-05 2.23000000-05 4.4599005D-05 4.4S990 05D-0S 
4. OOOOOOOD 00 a 91956490-05 2.22980110-05 2.23000000-05 8.91960220-05 8.91960220-05 
6. OOOOOOOO 00 1 11491920-04 2.22975140-05 2.23000000-05 1.33791550-04 1.33791050-04 
3.  OOOOOOOD 00 1 11400810-04 2.2297514D-05 2.23OO0OOD-OS 1.70306570-04 1.78384Q9D-04 
1 OOOOOOOO 01 1 11467570-04 • 2.22975140-05 2.23000000-05 . 2.2298160D-04 2.22975140-04 
1 .  2 000 0000 01 1 11407570-04 2.22975140-05 2.23000000-05 2.67576630-04 2.67564200-04 
1 .  4 000 0000 01 1 11407570-04 2.22975140-05 2 *23000000-05 3.12171660-04 3.12I5127D-04 
1 .  'ooooooo 01 1 H487570-04 2 .  229 7 51 4D-OS 2.23000000-05 3.56766680—04 .1.56736350-04 
1 . .  000 OOOD 01 1 11487570-04 2.22975140-05 2.23000000-05 4.01361710-04 4.01319450-04 
2. OOOOOOOD 01 1 11487570-04 2.22975140-05 2.23000000-05 4.4S9S6740-04 4.45900S6D-04 
2 OOOOOOO 01 t  11487570-04 2.2297 5140- 05 2.23000000-05 4.90551770-04 4.904 79680-04 
2 1OOOOOOD 01 1 11487570-04 2.22975140-05 2.23000000-05 5.35146800-04 S.35056810-04 
2. rOOOOOOD 01 1 11487570-04 2.22975140-05 2.23000000-05 5.79741820-04 S.79631950-04 
? OOOOOOD 01 1 11467570-04 2.2297S140-05 2.23000000-05 6.24336050-04 6.242 051 OD-04 j .  ooooooo 01 I  11487570-04 2.22975140-05 2.23000000-05 A.68931880-04 6.68776270-04 
3 " •  ooooooo 01 1 11487570-04 2.2297S140-05 2.23000000-05 7.13526910-04 7.1334545D-04 
3. ' ooooooo 01 1 11487570-04 2.2297S140-05 2.2300000D-OS 7.58121930-04 7.57912640-0% 
3, 100000D 01 I  11487570-04 2.2297S140-05 2.23000000-05 8.02716960-04 8.02477840-04 
3 .  •"000000 01 1 11487570-04 2.2297514D-05 2.23000000-05 8.47311990-04 8.4704106D-04 
COMPONENT INDEX = 4 NO. OF PHASES = J 
PHASE END TIMES (HOURS) 
PHASE L:ND TIME PHASE END TIME PHASE END TIME 
I S.000000000 01 
THERE ARE NO IMPOSED aOUNDARV CONDITIONS (1BPHA=0) 
FAILURE INTENSITIES (LAH60A) AND REPAIR TIMES (TAU) FOR THE INDIVIDUAL PHASES 
(NEGATIVE LAMBDA DENOTES NO REPAIR. NEGATIVE TAU DENOTES TAU IS INVERSE REPAIR INTENSITY) 
PHASE LAMBDA TAU PHASE LAMBDA TAU 
I 2.23000000D-0S S.OOOOOOOOD 00 
INITIAL FAILED PROBABILITY FOB PHASE 1 (000) = 0.0 
COMPONENT RELIABILITY CHARACTERISTICS 
T (HOURS) 0 M L WSUH FSUM 
0,0 0.0 2.23000000-05 2.23000000-05 0.0 0. 0 
2.00000000 00 4.45907570-05 2.22990050-05 2.23000000-05 4.45990050-0 5 4. 45990C6D-05 
4.00000000 00 0.91956490-05 2.22980110-05 2.23000000-05 8.9I960220-0S 8. 91960220-05 
6.00000000 00 1.11491920-04 2.22975140-05 2.23000000-05 1.33791550-04 I. 33791050-04 
8.0000000D 00 1.11488810-04 2.22975140-05 2.23000000-05 1.78306570-04 1 . 78384 090-04 
1.0000 GOOD 01 1.11437570-04 2.2297514O-0S 2.23000000-03 2.22961600-04 2. 22975140-04 
1.20000000 01 1.11437570-04 2.22975140-05 2.23000000-05 2.67576630-04 2. E 7664200-04 
1.40000000 01 1.11487570-04 2.22975140-05 2.23000000-05 3.1217166D-04 3. 12151270-04 
k«6000000D Ot L.L148757D-04 2.22975140-05 2.23000000-05 3.56766680-04 3. 56736350-04 
L.OOOOOOOO 01 1.11437570-04 2.22975140-05 2.23000000-05 4.01361710-04 4. 0 1319450-04 
2.00000000 01 1.11487570-04 2.22975140-05 2.23000000-05 4.45956740-04 4. 45900560-04 
3.2000000D 01 1.11487570-04 2.22975140-05 2.23000000-OS 4.90551770-04 4. 904 79630-04 
<2.40000000 01 1.1140757D-04 2.22975140-05 2.23000000-05 5.35146800-04 5. 3505681D-04 
2.60000000 01 1.11487570-04 2.22975140-05 2.230000UO-05 5.79741820-04 5. 79631950-04 
2.AOOOOOOD 01 1.11487570-04 2.22975140-05 2.23000000-05 6.24336850-04 6. 24205100-04 
3^00000000 01 1.11487570-04 2.22975140-05 2.23000000-03 6.68931880-04 6. 6877627D-04 
3.20000000 01 1.11487570-04 2.22975140-05 2.23000000-05 7.13526910-04 7. 13345450-^04 
3.40000000 01 1.11487570-04 2.22? 3140-05 2 .23000000-05 7.5812I930-04 7. 57912640-04 
3.60000000 01 1.11487570-04 2. 22V 751 40-05 2.23000000-05 8.02716960-04 8. 02477840-04 
3.0000000D 01 1.11487570-04 2.22975140-05 2.23000000-05 8.47311990-04 6m 4 7041060-0» 
COMPONENT INDEX = 5 NO. OF PHASES = 1 
PHASE END TIMES (HOURS) 
PHASE END TIME PHASE END TIME PHASE END TIME 
1 S.OOOOOOOOD 01 
THERE ARE NO IMPOSED BOUNDARY CONDITIONS (IBPHA=0) 
FAILURE INTENSITIES (LAMBDA) AND REPAIR TIMES (TAU* FOR THE INDIVIDUAL PHASES 
(NEGATIVE LAMBDA DENOTES NO REPAIR. NEGATIVE TAU DENOTES TAU IS INVERSE REPAIR INTENSITY) 
PHASE LAMBDA TAU PHASE LAMBDA TAU 
1 I.1OOOOOOOD-06 3.00000000D 00 
INITIAL FAILED PROBABILITY FOR PHASE I  (000) = 0.0 
COMPONENT RELIABILITY CHARACTERISTICS 
T (HOURS) 0 H L WSUH FSUM 
0.0 0.0 1 .10000000-06 1.lOOOOOOD-06 0. 0 0. 0 
2.0000000D 00 2.19999730-06 1 .09999/60-06 1• 10000000-06 2. 19999760-06 2* 19999760-06 
00000000 00 3.29999160" 06 1 .09999640-06 1 .10000000-06 4. 3999915D-06 4. 39999030-06 
6*00000000 00 3.29993910-06 1 .09999640-06 1 #10000000-06 &• 59998430-06 
€• 59997820-06 
a.00000000 00 3.29998910- 06 1 •  09999640-06 1.10000000-06 8. 79997700-06 6« 79996130-06 
1 .oooooooo  01 3.29990910- 06 1 •09999640-06 1 .10000000-06 1. 0999970D-05 1. 09999400-05 
I ,20000000 01 3.29996910- 06 1 •  09999640-06 1«10000000-06 1. 31999620-05 !• 31999130-05 
1*4000 0000 01 3.29998910- 06 1 •09999640 -06  1 •10000000-06 !• 53999550-05 1 .  53998810-05 
1 . 60000000  01 3.29998910- 06 1 •09999640-06 1•10000000-06 1. 75999400-05 U 75998450-05 
1 . 80000000  01 3.29998910- 06 1 . 09999640 -06  1.10000000-06 !• 97999410-05 !• 9 7998040-05 
2.00000000 01 3.29998910- 06 1 •09999640-06 1• 1 0000000-06 2. 19999330-05 2. 199975OO-0S 
2.20000000 01 3.29998910- 06 1 .0999964D-06 1^10000000-06 2. 4 1999260-05 2# 41997C70-05 
2.40000000 01 3.29998910- 06 1 •09999640-06 1 .10000000-06 2. 63999190-05 2. 63996520-05 
2,60000000 01 3.29998910- 06 1 .09999640-06 1 •  10000000-06 2. 85999120-05 2. &59VS91D-05 
2.BOOOOOOO 01 3.29998910- 06 1 •09999640-06 1^10000000-06 3. 07999040-05 3 •  07995260-05 
J.OOOOOOOO 01 3.29998910-06 Ï •09999640-06 1.1OOOOOOD-06 3. 29996970-05 3* 29994560-05 
3.20000000 01 3.29993910- 06 1 .09999640-06 1 •  10000000-06 3. S1998900-05 3. 51993800-05 
3.40000000 01 3.29998910- 06 1 •09999640-06 1 .  10000000-06 3. 73998830-05 3. 73993010-05 
3.60000000 01 3.29998910-•06 1 •09999640-06 1 .10000000-06 3. 95990750-05 3^ 9599216D-05 
J.DOOOOOOO 01 3.29998910- 06 1 .09999640-06 1 .10000000-06 4. 17998600-05 4. 17991260-05 
COMPONENT INDEX = 6 NO. OF PHASES = 1 
PHASE END TIMES (HOURS) 
END TIME PHASE END TIME PHASE END TIME 
I  5.000000000 01 
THERE ARE NO IMPOSED BOUNDARY CONDITIONS (IQPHA=0) 
FAILURE INTENSITIES (LAMBDA) AND REPAIR TIMES (TAU) FOR THE INDIVIDUAL PHASES 
(NEGATIVE LAMBDA DENOTES NO REPAIR. NEGATIVE TAU DENOTES TAU IS INVERSE REPAIR INTENSITY) 
PHASE L/J4BDA TAU PHASE LAMBDA 
I  a.000000000-06 l.OOOOOOOOO 01 
INITIAL FAILED PROBABILITY FOR PHASE I  (000) = 0.0 
TAU 
COMPONENT RELIABILITY CHARACTERISTICS 
T (HOURS) Q L WSUM FSUH 
0. 0 0.0 e.OOOOOOOD-06 8.00000000-06 0. 0 0.0 
2. OOOOOOOD 00 I  .59996800-05 7.99987200-06 8.00000000-06 1. 5999 8720-05 1.5999872D-05 
4. 00000000 00 3*19993600-05 7.9997440D-06 8.00000000-06 3. 19994680-05 3.19994880-05 
6. OOOOOOOD 00 4.79987200-05 7.99961600-06 8.00000000-06 4. 79908480-05 4.7998848D-05 
8. OOOOOOOD 00 6.3997760D-05 7.99948800-06 8.00000000-06 6. 39979520-05 6.3997952D-05 
I« OOOOOOOD 01 7.9996000D- 05 7.99936000-06 8.00000000-06 7. 99968000-05 7.^9968000-05 
I  .  20000000 01 7.99958400- 05 7.99936000-06 0.00000000-06 9. 59955200-05 9.59953920-05 
1 .  4000OOOD 01 7.99948800- 05 7.99936000-06 8.0000000D-06 1. 1 1994240-04 1.11993730-04 
1 • 6000000D 01 7.9994240D-•05 7,99936000-06 8.00000000-06 1. 27992960-04 1.27991810-04 
1 .  80000000 01 7.99939200- 05 7.99936000-06 8.OOOOOOOD-06 1. 43991680-04 1.43989630-04 
2. OOOOOOOD 01 7.99936000- 05 7.99936010-06 8.00000000-06 1. 59990400-04 1.59987200-04 
2. 20000000 01 7.99936000- 05 7.99936010-06 8.00000000-06 1. 75989120-04 1.75984510-04 
2- 40000000 01 7.9993600D- 05 7.9993601D-06 e.OOOOOOOD-06 1. 91987840-04 1.91981570-04 
2# 60000000 01 7.99936010-•05 7 .99936010-06 8.OOOOOOOD-06 2. 07986560-04 2.07978370-04 
Z * 80000000 01 7.99936010- 05 7.99936010-06 8.00000000-06 2. 2398 5280-04 2.23974910 04 
OOOOOOOD 01 7.99936010- OS 7.9993601D-06 8.00000000-06 2. 39984000-04 2.39971200-04 
3. 2000000D 01 7.9993601D-•05 99936010-06 8.0000000D-06 2. 55982720-04 2.55967230-04 
1. 4000OOOD 01 7.99936010- 05 7< 99936010-06 8.00000000-06 2. 71981440-04 2.71963C1D-04 
OOOOOOOD 01 7.99936010-•05 7u99936010-06 3.00000000-06 2. 8798016D-04 2.87958530-04 
3i OOOOOOOD 01 7.99936010-•OS 7^99936010-06 8.00000000-06 3. 03978080-04 3.03953800-04 
COMPONENT INDEX = 7 NO. OF PHASES = 1 
PHASE END TIMES <HOURS! 
PHASE END TIME PHASE END TIME PHASE END TIKE 
{ S.OOOOOOOOD OJ 
THERE ARE NO IMPOSED BOUNDARY CONDITIONS IIBPHA=0) 
FAILURE INTENSITIES «LAMBDA) AKO REPAIR TIMES (TAU) FOR THE INDIVIDUAL PHASES 
(NEGATIVE LAMBDA DENOTES NO REPAIR. NEGATIVE TAU DENOTES TAU IS INVERSE REPAIR INTENSITY) 
PHASE LAMBDA TAU PHASE LAMBDA TAU 
1 1.000000000-04 (.OOOOOOOOD 0) 
INITIAL FAILED PROBABILITY FOR PHASE I (OOOJ = 0.0 ^ 
LO 
O 
COMPONENT RELIABILITY CHARACTERISTICS 
T (HOURS) 0 M L WSUH F SUM 
0. 0 0.0 1.00000000-04 1 .00000000-04 0. 0 0. 0 
2. OOOOOOOD 00 :.99950010-04 9.99800050-05 1 .00000000-04 1. 99900000-04 1. 99930000-04 
4. 0000OOOD 00 3.9990002D-04 9.996001OD-05 1 •OOOOOOOD-04 3^ 9992002D-04 3. 99920010-04 
6. OOOOOOOD 00 5.9980005D- 04 9.99400200-05 1 .OOOOOOOD-04 s. 99820050-04 5. 9982004D-04 
a. OOOOOOOD 00 7.9965011D-04 9.99 200350-05 1 .00000000-04 7. 99630100-04 r.  99680C90-04 
1. OOOOOOOD 01 9.9950017D- 04 9.99000S0O-05 1 •00000000-04 9. 99500190-04 9. 99500170-04 
1. 20000000 01 9.99350300- 04 9.990006SD-05 1 •00000000-C4 1. 19930030-03 I. 1992C030-03 
1. 40000000 01 9.99200430-04 9.99000800-05 1 .OOOOOOOD-04 1. 39910040-03 1. 39902050-03 
1. 60000000 01 9.99100570- 04 9.99000900-05 1 .00000000-04 1. 5989 0060-03 1. 59872070-03 
1. 8000 0000 01 9.99050700-04 9.99000950-05 1 .00000000-04 1 .  7907 0000-03 1. 79038100-03 
2. OOOOOOOD 01 9.9900083D- 04 9.99001OOD-05 1 .OOOOOOOD-04 1. 998501OD-03 1. 99800130-03 
2. 20000000 01 9.99000890-04 9.99001000-05 1 .00000000-04 2. 19030120-03 2. 19758180-03 
2. 4000000D 01 9.99000950-04 9.99001000-05 1 «00000000-04 2. 39810140-03 2. 39712230-03 
2. 60000000 01 9.99000980- 04 9.9900100D-05 1 .00000000-04 2. 5979 0160-03 2. 59662290-03 
2. 80000000 01 9.99000990-04 9.9900IO0O-O5 1 .00000000-04 2. 79770180-03 2. 79608370-03 
3. OOOOOOOD 01 9.99001000- 04 9.99001000-05 1 .00000000-04 2. 99750200-03 2. 99550450-03 
3. 20000000 01 9.99001000-•04 9.99001000-05 1 .00000000-04 3. 1973022D-03 3. I948855D-03 
3. 40000000 01 9.99001000-•04 9.9900IO0&--05 1 .00000000-04 3. 39710240-03 3. 39422650-03 
3. ,60000000 01 9.99001000- 04 9.99001000-05 1 •00000000-04 3. 59690260-03 3. 59352780-03 
3. eooooooD 01 9.99001OOD-•04 9.99001000-05 1 •00000000-04 3. 79670280-03 3. 79278910-03 
MINIMAL SET INPUT DATA 
SET FLAG (IPATH). IF IPATH=l MINIMAL CUT SETS ARE USED. IF IPATH=a MINIMAL PATH SETS ARE USED. 
FOR THIS PROBLEM IPATH = I 
NO. OF SETS INCUT) - 7 
SET INFORMATION 
SET NO. It WITH COMPONENTS - 2 ^ 
LO 
SET NO. 2 ,  WITH COMPONENTS - 3 H 
SET NO. 3. WITH COMPONENTS - 4 
SET NO. 4t WITH COMPONENTS - 5 
SET NO. 5, WITH COMPONENTS - 6 
SET NO. 6, WITH COMPONENTS - I 
SET NO. 7. WITH COMPONENTS - 7 
MINIMAL SET INFORMATION 
CHARACTERISTICS FOR SET NO. = I  
T (HOURS) 0 W L HSUH FSUM 
0.0 0 .0 4 .00000000-06 4 •OOOOOOOO-06 0^ 0 0.0 
2.OOOOOOOO 00 7 •99996400-06 3 .99996800-06 4 .00000000-06 7. 99996800-06 7*99996800-06 
4*00000000 00 1 •  19990920-05 3 •9999520D-06 4 •00000000-06 1* 59998880-05 1.59998720-05 
6« OOOOOOOO 00 1 .19998560" 05 3 •999952 00-06 4 •00000000-06 2. 39997920-05 2.39997120-05 
0« OOOOOOOO 00 1 .1999J56D-05 3 •99995200-06 4 *00000000-06 3. 19996560-05 3« 19994080-05 
1«00000000 01 1 .19998560- 05 3 .999952 00-06 4 •  00000000-06 3. 99996000-05 3.99992000-05 
1«20000000 01 1 •  i  9998560- 05 3 •999952 00- 4 « 00000000-06 4. 79995040-05 4.79908400-05 
1,40000000 01 1 • 19990560- 05 3 •999952 00-06 4 .00000000-06 5. 59994080-05 5.59984320-05 
1 .60000000 01 1 .19998560- 05 3 •99995200-06 4 •00000000-06 6. 39993120-05 6.399 79520-05 
1«00000000 01 1 •19990560- 05 3 •999952 00-06 4 .00000000-06 7. 19992160-05 7. 19974080-05 
2.00000000 01 1 • 19998560- 05 3 •99995200-06 4 •00000000-06 7. 9999 1200-05 7.99968000-05 
2.20000000 01 1 . t9998560- 05 3 .999952 00—06 4 •00000000-06 6. 7999 024D-05 6.79961280-05 
2.40000000 01 1 .19998560- 05 3 .99995200-06 4 .00000000-06 9. 59909200-05 9^59953920-05 
2.60000000 01 I  .19998560- 05 3 •99995200-06 4 .00000000-06 I .  03990630-04 1.03994590-04 
2*00000000 01 1 .19998560- 05 3 •99995200-06 4 .00000000-06 1. 11990740-04 1•1 1993730-04 
3* OOOOOOOO 01 1 •19993560- 05 3 •99995200-06 4 •00000000-06 1. 19998640-04 lo 19992800-04 
3.20000000 01 1 •19998560-05 3 .999952 00-06 4 •00000000-06 1. 27998540-04 1•27991810-04 
3.40000000 01 1 .19998560- 05 3 •99995200-06 4 .00000000-06 1. 35998450-04 1.35990750-04 
3.60000000 Ok 1 .19998560-•05 3 •99995200-06 4 •00000000-06 1. 43998350-04 1•43989630-04 
3*00000000 01 1 * I  9998560- 05 3 *999952 00-06 4 •00000000-06 1. 51998260-04 1«5 1988450-04 
CHARACTERISTICS FOR SET NO. = 2 
T (HOURS) 0 H L WSUH FSUM 
0. 0 0 .0 2. 23000000-05 2 .23000000-05 0. 0 0. 0 
2« OOOOOOOO 00 5937570-05 2. 22990050-05 2 •23000000-05 4. 45990050-05 4. 4 5990C50-05 
4. OOOOOOOO 00 1956490-05 2. 22980110-05 2 .23000000-05 8. 91960220-05 8. 91960220-05 
6 .  OOOOOOOO 00 1491920-04 2. 2297514D-05 2 .23000000-05 1. 33791550-04 1. 33791050-04 
8* OOOOOOOO 00 1400610- 04 2. 22975140-05 2 .23000000-05 1. 78386570-04 1 .  78384 090-04 
1 * OOOOOOOO 01 1407570-04 2. 22975140-05 2 .23000000-05 2. 22981600-04 2. 22975140-04 
1. 2000 OOOO 01 l407570-04 2. 2297514O-0S 2 .23000000-05 2. 67576630-04 2. 67564200-04 
I*  40000000 01 1407570- 04 2. 22975140-00 2 .23000000-0!» 3. 12171660-04 3. 12151270-04 
1 * 60000000 01 1407570- 04 2. 22975140-05 2 .23000000-05 3. 56766680-04 3. 56736350-04 
1. OOOOOOOO 01 14 07570-04 2. 22975140-05 2 •23000000-05 4^ 01361710-04 4.  0 1319450-04 
2* OOOOOOOO 01 1487570- 04 2. 22975140-05 2 .23000000-05 4. 45956740-04 4. 45900560-04 
2* 2000000D 01 1407570-04 2. 22975140-05 2 .23000000-05 4. 90551770-04 4. 904 79630-04 
2* 4000000D 01 148767D- 04 2. 22975140-05 2 .23000000-05 5. 35146000-04 5. 35056810-04 
2* 60000000 01 1487570- 04 2. 22975140-05 2 .23000000-05 5. 79741820-04 5. 79631950-04 
u * sooooooo 01 1407570- 04 2. 22975140-05 2 •23000000-05 6. 243363SO-04 6. 24205100-04 
3. OOOOOOOO 01 1487570- 04 2. 22975140-05 2 •23000000-05 6 .  68931880-04 6. 68776270-04 
3. 2 0000000 01 1487570- 04 2. 22975140-05 2 •23000000-05 7. 13526910-04 7. 13345450-04 
3. 40000000 01 1487570- 04 2. 22975140-05 2 .23000000-05 7. 58121930-04 7. 5 7912640-04 
3, 60000000 01 1487570- 04 2. 22975140-05 2 •23000000-05 8^ 02716960-04 B, 02477840-04 
( nooooooo 01 1487570- 04 2. 22975140-05 2 .23000000-05 0. 47311990-04 a. 4 7041 060-04 
CHARACTER!STICS FOR SET NO. = 3 
T (HOURS) 
I .  J 
!. jUOOOOOO 00 
». UOOOOOOO 00 
>• oooooooo 00 
I. OOOOOOOO 00 
1. oooooooo 01 
1. 2000 0000 01 
\, 4 000 0000 01 
1. 60000000 01 
1. 8000 0000 01 
!. oooooooo 01 
i. 20000000 01 
2. 40000000 01 
2. 60000000 01 
2. oooooooo 0 1  
3. 0 0 0 0  oooo 01 
3. 20000000 01 
3. 40000000 01 
3. 60000000 01 
3. 8000 0000 01 
T (HOURS) 
0. 0 
2. OOOOOOOO 00 
4. oooooooo 00 
6. OOOOOOOO 00 
8. oooooooo 00 
1 .  OOOOOOOO 01 
1. 20000000 01 
1 .  40000000 01 
1 .  60000000 ot 
K oooooooo 01 
2. oooooooo 01 
C.yt 20000000 01 
2 1} 40000000 01 
2. 60000000 01 
i:, 60000000 01 
3. oooooooo 01 
3. 20000000 01 
J. >0000000 01 
2 ,000 0000 01 
3. 0000000 01 
Q W L «SUM FSUM 
0 .0 2.23000000-05 2.23000000- 05 0. 0 0. 0 
4 .4 5987570- 05 2. 229900SO-05 2.23000000-05 4. 45990050-05 4. 45990050-05 
8 .9 1956490-05 2.22960110-05 2.23000000- 05 8. 91960220-05 8. 91960220-03 
1 .1 1491920-04 2.22975140 05 2.23000000-OS 1. 33791550-04 1. 33791050-04 
1 .1 1468610-04 2.22975140-05 2.23000000-05 1. 78336570-04 1. 70364 090-04 
1 .1 1487570-04 2.22975140-05 2.23000000- 05 2. 22931600-04 2. 22975140-04 
1 .1 1467570-04 2.22975140-05 2.23000000-05 2. 67576630-04 2. 6 7564200-04 
1 .1 1467570-04 2.22975140-05 2.23000000-05 3. 12171660-04 3. 12151270-04 
1 .1 1 46/570-04 2.22975140-05 2.23000000-05 3. 56766680-04 3. 56736350-04 
1 .1 1467570-04 2.22975140-05 2.23000000- 05 4. 01361710-04 4* 01319450-04 
1 .1 1487570-04 2.22975140-05 2.23000000- 05 4. 45996740-04 4. 45900560-04 
1 .1 1467570- 04 2.22975140-05 2.23000000-05 4. 90551770-04 4« 90479680-04 
1 .1 1487570-04 2.22975140-05 2.23000000- 05 5. 3514680D-04 5. 35056810-04 
1 .1 1487570- 04 2.22975140-05 2.23000000- 05 5. 79741820-04 S. 79631950-04 
1 .1 1487570- 04 2.2297514D-0S 2*23000000- 05 6* 24336850-04 6. 24205100-04 
1 .1 1487570- 04 2.22975140-05 2.23000000- 05 6. 68931880-04 6. 68776270-04 
1 .1 1467570- Ot 2.2297S14O-0S 2.23000000- 05 7. 13526910-04 7. 13345450-04 
1 .1 1467570- 04 2.22975140-05 2.23000000- 05 7. 58121930-04 7. 57912640-04 
1 .  1 1467570- 04 2.22975140-05 2.23000000-05 0. 02716960-04 8. 02477840-04 
1 .1 1467570- 04 2.22975140-05 2.23000000- 05 8. 47311990-0 4 a.  4 7041060-04 
CHARACTERISTICS FOR SET NO. = UJ 
0 
0 . 0  
2.19999730-06 
3.29999160-06 
3.29998910-06 
3.29990910-06 
3.29998910-06 
3.29998910-06 
3.29990910-06 
3.2999S910-06 
3.29998910-06 
3.29998910-06 
3.29998910-06 
3.29990910-06 
3.29998910-06 
3.29998910-06 
3.29990910-06 
3.29998910-06 
3^29998910-06 
3.29998910-06 
3.29998910-06 
H 1.10000000-06 
1.09999760-06 
1.09999640-06 
1.09999640-06 
1.09949640-06 
1.09999640-06 
1.09999640-06 
1.09999640-06 
1.09999640-06 
1.09999640-06 
1.09999640-06 
1.09999640-06 
1.09999640-06 
1*09999640-06 
1.09999640-06 
1.09999640-06 
1.09999640-06 
1.09999640-06 
1.09999640-06 
1.09999640-06 
L 
1.10000000-06 
I . 10000000-06 
1.10000000-06 
1.10000000-06 
1.10000000-06 
1.10000000-06 
1.10000000-06 
1.10000000-06 
1.10000000-06 
I.10000000-06 
1 .10000000-06 
1.10000000-06 
1.10000000-06 
L.LOOOOOOD-06 
1.10000000-06 
1.10000000-06 
1.10000000-06 
1=10000000-06 
1.10000000-06 
1.10000000-06 
WSUM 
0 . 0  
2.19999760-06 
4.39999150-06 
6.5999 0430-06 
6.79997700-06 
1.09999700-05 
1.31999620-05 
1.53999550-05 
1.7599 9460-0 5 
1.97999410-05 
2.1999933D-0S 
2.41999260-05 
2.63999190-05 
2.85999120-05 
3.07999040-05 
3. 2999 6970-05 
3.5199 6900-05 
3.73998830-05 
3.95998750-05 
4.17998660-05 
F SUM 
0 .0  
2.19999760-06 
4.39999030-06 
6.59997620-06 
Q.79996130-06 
1«09999400-05 
1.31999130-05 
1.53996810-05 
1.75998450-05 
1.97993040-05 
2.19997580-05 
2.41997070-05 
2.63996520-05 
2.85995910-05 
3.07995260-05 
3.29994560-05 
3.51993800-05 
3«73993010-05 
3.95S92160-05 
4.1799126D-0U 
V0-0Z2I U6S*Z *0-00*E9669' • /  SO-OOOOOOOO* 2 90-00006666* t  SO-OOOSZ666** 10 OOOOOOC '  c 
VO-0990^/51*1 *0-00*99661"Z 90-00000000* 2 90-00006666* 1 90--0009/666** 10 0000000» 'C 
^O-OS0G9Z6/.*9 V0-00*z966/ •9 so—oooooooo* 2 90-00006666* T 90--Q00SZ666*V 10 0000000( •E 
•0-<lV8S6/6C*9 *0-00*6966C •9 90—OOOOOOOO* 2 90-00006666* 1 90--aOOSZ666** 10 0000000 -i •c 
V0-C^00Z066'S ^0-<J0<rlZ666 •9 90-00000000* 2 90-00006666* 1 90--OOOSZ666** 10 OOOOOOOO •E 
•o-oc?evo6S' •S V0-00*EZ669 •S 90-00000000* 2 SO-00006666* I  90-OOOSZ666** 10 00000009 "2 
%0-<]SG^9B6t •9 *0-00*9Z661 •9 90-00000000* 2 SO-00006666* 1 90--OOOS/666*V 10 00000009 '2 
%0-OZ9^906Z * *0-OOVZZ66Z •* 90-00000000* 2 90-00006666* I  90--000S/666*V 10 0000000V •2 
•0-0I3C066E •V *0-00*6Z66£ •* 60-00000000* 2 90-00006666* 1 SO-OOOSZ566** 10 0000 0002 '2  
•0-01003656 •E *0-00*19666 •e 90-00000000* 2 SO-000066G6* 1 90-0009Z666** 10 OOOOOOOO *2 
V0-at2Se66S •c *0-00*E066S •c 90-OOOOOOOO* 2 90-00006666* \ 90-aOOSZ666** 10 0000 0009 • 1 
•O -O1D0V651 •E *0-00*99661 •c so-oooooooo* 2 90-00006666* X 90-0006Z666*V 10 00000009 • 1 
^o-aoeo966z •2 *0-00*Z966Z •2 so-oooooooo* 2 90-00006666* 1 SO-OOOSZ666* V 10 0000000* •  1 
•0 -a02l/66E •2 *0-00*6966E •2 so-oooooooo * 2 90-00006666* 1 SO-OOOSZ666** 10 00000002 • !  
%0^0000556 •1 *0-00*16666 •T so-oooooooo* 2 90-00006666* 1 90-000SZ666** 10 OOOOOOOO •1 
*0-002/9663 •1 *0-00*E6669 • I  so-oooooooo* 2 90-00006666* 1 90 -aOOS/666*t r  00 0000 0000 •9 
*0-00026661 • I  *0-00*96661 • I  90-00000000" 2 90-00006666 * 1 90 -OOOS/566*V 00 OOOOOOOO •9 
90-OOOB9566 •Z S0-000*ZG56 • /  so-oooooooo* 2 90-00006666* 1 90 -OOSZ/666*V 00 OOOOOOOO ** 
GO-OOOZ6666 •E 90-00026666 •E so-oooooooo* 2 90-00026666* T 90 -092Ï6666*E 00 OOOOOOOO *2 
0 •0 0 •0 90-00000000* 2 90-00000000 * 2 0*0 0 •0 
MDSj wns* 1  M 0 (sunoH) 1  
9 = *0N X35 WOj SDflSIU3i3VUVHD 
tO-OOOCS6CO •E *0-O99GZ6E0 •E 90-00000000* e 90-0109E666* Z 90 -OÎ09E666*/ 10 OOOOOOOO *E 
to-oeso96zo •2 *0-09T096Z9 •2 90-00000000 * 9 90-OÎ09E666* i  90 -a i09E666 *Z 10 00000009 •E 
*0-OIOC96%Z •2 »0-0**IB6ÎZ •2 90-00000000* 9 90-0109E666* Z 90 -a i09E666 *Z 10 0000 000* •E 
*0-OE2Z963^ •2 *0-0zz20699 •2 90-00000000* 0 90-OI09E6G6* Z 90 -0109E666*Z 10 00000002 •E 
*0-OOg:Z66E •2 tO-000*966E •2 90-00000000' 9 90-ai09E666* i  90 -QT09E666*Z 10 OOOOOOOO •E 
*o-oi6*z5ca •2 *0-0925B6E2 •2 90-00000000* 9 90-C109C666* z SO -ai09E666*Z 10 OOOO 0009 *2 
%0-02C9Z6/0 •2 *0-09S996ZO •2 90-00000000 * 9 90-OI09E666* z 90 -0109E666*Z 10 00000009 *2 
%0-aZ6l9616 •  !  *0-0*9Z96l6 •1 90-00000000* 9 90-OTO9E666* z 90 -0009E666*Z 10 0000000* *2 
•0-0t9*969z •1 *0-02I6969Z •1 90-00000000 * 9 90-0109E666" z 90 -0009E666*Z 10 00000002 *2 
*0-002/9669 • 1 *0-00*06669 •1 90-00000000 * 9 90-OI09E666* z 90 -0009E666*Z 10 OOOOOOOO •2 
*0-Oe9696CV • ï  *0-099166E* •1 90-00000000* 9 90-0009E666* z 90 -0026E666*Z 10 0000 000F * 1 
•  0-OTOI66/.2 •1 *0-096266/2 •1 90-00000000* 9 90-0009E666* z 90 -00*2 *666*/ 10 00000009 • 1 
*0-<JC/r66l  I  • 1 *0-0*2*661 l  •  1 90-00000000 * 9 90-0009E666* /  90 -0090*666*Z 10 0000 000* • 1 
GO-OZ6ES66S •6 90-00299669 •5 90-00000000* 9 90-0009E666* z 90 -00*0S666*Z 10 00000002 *1 
SO-00009666 •/ 90-00099666 •Z 90-00000000* 9 90-0009E666* z 90 -00099666*Z 10 0000 0000 • 1 
C0-O296/66C •9 90-0296Z66C •9 90-00000000* 9 90-0099*666* z 90 -009ZZ66E*9 00 OOOOOOOO •© 
f iO-OeV9966Z •V 90-09*3G66Z •* 90-00000000* 9 90-00919666* z 90 -002Z066Z** 00 OOOOOOOO •9 
90-096*6661 •E 90-099*6661 •E 90-00000000 * 9 90-00**/666" z 90 '-009C6661*E 00 OOOOOOOO •V 
90-02/96669 •1 90-02/96669 • I  90-00000000* 9 90-002/9666* z 90 -00096669 *l 00 OOOOOOOO •2 
0 •0 0 •0 90-00000000* 9 90-00000000" 9 0*0 0 •0 
wns j  WOSA T M 0 csunoH) i  
9 = «ON 13S MOJ S3I1SIM313VUVHD 
CO-0160/26Z*E 
C0-<ieZZSE6S«C 
C0-O9922t>5E*C 
CO-OgS99»<iI»C 
CO-OS»OS956«e 
CO-OZE709&i *2 
C0-O6ZZ996S*2 
CO-Oe22U5r *2 
C0-09f0g/61*2 
C0-OCI00966» t 
C0-<30l0C25i* I  
co-ozo2ze6s»I 
CO-OS02065C»! 
CO-aC00366I•I 
%0-<I/I00S66*6 
•0-0600B966«Z 
»0-0tp00e066*s 
•0-OIOOZ666*E 
»0-<JOOOB556*I 
0*0 
wns j  
ro-ooeo/96/*E 
E0-09E0596S*E 
E0-OV20IZ6E*E 
E0-O220EZ61«E 
E0-00309z66«2 
EO-OBIOZZ6i*2 
E0-a9IO6Z6S»2 
CO-OVIO TB6E«2 
E0-a2î0C061*2 
C0-<I0I0S966*I 
EO-aOOOZ95i *1 
£0-0900696S«I 
E0-0*OOI66E*I 
EO-OEOOE66I*! 
V0-06100s66*6 
VO-00109966*/ 
*0-OS002866'S 
*0-02002666'E 
«i0-a0009666*I 
0*0 
NOSM 
•O-OOOOOOOO' I 
*0-00000000*I 
*0-00000000*1 
*0-00000000 * t  
*0-00000000*I  
*0 -00000000* I  
*0-00000000*I  
* 0 - 0 0 0 0 0 0 0 0 * I  
*0-00000000*I 
*0 -00000000*I  
*0-00000000*I 
*0-00000000•I 
*0-00000000*I 
*0-00000000*1 
*0-00000000*I 
*0-00000000*I  
*0-00000000*I 
*0-00000000*I 
*0-00000000*I  
*0-00000000*1 
n 
50-00010066*6 
90-00010066*6 
90-00010066*6 
90-000100 66*6 
90-00010066*6 
90-000 I 0066*6 
90-00010066*6 
90-00010066*6 
90-00010066*6 
90-00010066*6 
50-09600066*6 
90-00600066*6 
90-00000066*6 
90-09900066*6 
90-00900066*6 
90-OSE00266*6 
90-00200*66*6 
90-00100966*6 
90-09000066*6 
*0-00000000*1 
n 
*0-00010066*6 
*0-00010066*6 
*0-00010066*6 
*0-00010066*6 
*0-00010066*6 
*0-06600066*6 
*0-09600066*6 
*0-09600066*6 
*0-06800066*6 
*0-OE800066*6 
*0-00/09066*6 
*0-0/900166*6 
*0-aC*00266*6 
*0-O0E09C66*6 
*0-0/100966*6 
*0-01106966*/ 
*0-09000966*9 
*0-OZ000666*E 
*0-01009666* I  
0*0 
O 
/ = -ON 13S aod S3IiSId913VtlVH3 
to oooooooo ' v r  
10 00000009*C 
10  0000000**0  
10 OOOOOOOZ'C 
10 00000000 *E 
10 00000009*2 
10 00000009*2 
1 0  0 0 0 0 0 0 0 * * 2  
10 QDOOOOO?*? 
10 00000000*2 
10 00000009*I 
10 00000009*I 
10 0000000**1  
10 00000002*1 
10 00000000*1  
00 00000000'E 
00 00000000*9 
00 00000000** 
00 00000000*2 
0*0  (sunoM) 1 
SYSTEM INFORMAT I  ON-UPPtin ÛCUNDS 
DIFFERENTIAL CHARACTERISTICS- UPPER 8CUN0S 
T (HOURS) 0 W  L 
i.O 0.0 1.777000000-04 1.777000000-04 
2*000000000 00 3.553060960-04 1.776770530-04 1.777402060-04 
4.OOOOOOOOD 00 6.754490660-04 1.776547240-04 1.777748020-04 
6.0000O0L>0D 00 9.358366400-04 1.776336120-04 1.778000040-04 
8.000000 JOD 00 1.151594940-03 1.776134990-04 1.778182740-04 
1.OOOOOOOOD 01 1.367350560-03 1.775933860-04 1 .776365510-04 
1.200000000 01 1.367199790-03 1 .775934010-04 1 .778365390-04 
1.400 000000 01 1.367049020-03 1 .775934160-04 1.778365270-04 
1.600000000 01 1.366940550-03 1 .775934260-04 1 .778365190-04 
1 . a o o o o o o o o  0 1  1.366898390-03 1.775934310-04 1.7783651SO-04 
2.OOOOOOOOD 01 1.366048220-03 1.775934360-04 1.778365120-04 
2.200000000 01 1.366848260-03 1.775934360-04 1.778365120-04 
2.400000000 01 1.366040340-03 1.775934360-04 1.770365120-04 
2.600000000 0 1 1.366848370-03 1.775934360-04 1 .776365120-04 
2.800000000 01 1.366848380-03 1.775934360-04 1 .778365120-04 
3.000000000 01 1.366048390-03 1.775934360-04 1.778365120-04 
3.200000000 01 1.366848390-03 1.775934360-04 1.778365120-04 
3.400000000 01 1.366848390-03 1.775934360-04 1.778365120-04 
3.600000000 01 1.366048390-03 1 .775934360-04 T.770365120-04 
3.000000000 01 1 « 366048390-03 1.775934360-04 1.778365120-04 
INTEGRAL CHARACTERISTICS-UPPER BOUNDS 
T (HOURS) MSUM FSUM 
2.OOOOOOOOO 00 3.553770530-04 3.553770440-04 
4.OOOOOOOOD 00 7.107086310-04 7.107025450-04 
6.000000000 00 1.065997170-03 1.065961480-03 
0.OOOOOOOOD 00 1.421244280-03 1.421137520-03 
1.OOOOOOOOD 01 1.776451160-03 1.776223770-03 
1.200000000 01 2.131637950-03 2.131201970-03 
1.400000000 01 2.466624770-03 2.486053910-03 
1.600000000 01 2.84G011610-03 2.840779650-03 
1.600000000 01 3.197198470-03 3.195379230-03 
2.OOOOOOOOD 01 3.552385330-03 3.549852710-03 
2.200000000 01 3.907S72210-03 3.904200130-03 
2.400000000 01 4.262759080-03 4.258421530-03 
2.60000000D 01 4.617045950-03 4.612516900-03 
2.800000000 01 4.973132620-03 4.966486500-03 
3.000000000 01 5.323319690-03 5.320330150-03 
3.200000000 01 5.683506570-03 5.674047960-03 
3.400000000 01 6.038693440-03 6.027640000-03 
3.600000000 01 6.393680310-03 6.331106290-03 
3.800000000 01 6.749067180-03 6.7 34446080-03 
SYSTEM INFORMATION-BEST BRACKETS 
DIFFERENTIAL CHARACTERISTICS-BEST BRACKETS 
T (HOURS) 
0 .0  
2.0000000D 00 
«•00000000 00 
6.0000000D 00 
8*00000000  00  
1*00000000 01 
1.20000000 01 
1.40000000 01 
I.60000000 01 
1.8000000D 01 
2.00000000 01 
2.20000000 01 
2.40000000 01 
2.60000000 01 
2.00000000 01 
3.00000000 01 
3.20000000 01 
3.40000000 0 1 
3.60000000 01 
3.00000000 01 
OHIN 
0 . 0  
3.55306100-04 
6.75449070-04 
9.35836650-04 
1.15159490-03 
1.36735060-03 
1.36719980-03 
1.31,704900-03 
1.36694 860—03 
1.36689840-03 
1.36604820-03 
1.36684830-03 
1.366J4830-03 
I .36684 84 0-03 
I.36604840-03 
I.36684840-03 
1.36684840-03 
1.36634 040-03 
1.36 684 840- 03 
1.36684840-03 
QHAX 
0.  0  
3.553061OO-04 
6.75449870-04 
9.358:16650-04 
1.15159490-03 
1. 367.15060-03 
1.36719980-03 
1.36704900-03 
1.3669486O-03 
1.36609840-03 
1.36684820-03 
I.36684830-03 
1.36684830-03 
1.36684840-03 
1.36604040-03 
1.36684 840-03 
1.36684840-03 
1.3660404O-03 
1.36684840-03 
1.36684840-03 
WMIN 
1.77700000-04 
I.F7636860-04 
1.77579970-04 
1.77533700-04 
1.77495360-04 
I.77457020-04 
I.77457050-04 
1.77457080-04 
1.77457090-04 
1.77457100-04 
1.77457110-04 
1.77457110-04 
1.774571ID-04 
1.77457110-04 
1.77457110-04 
I.774571IO-04 
1.77457110-04 
I.77457110-04 
I.77457110-04 
1.774571LD-04 
vrHAX 
I.77700000-04 
1.7 7636860-0 4 
1 .77579970-04 
1.77533700-04 
I.77495360-04 
1.77457020-0 4 
1.77457050-04 
1 .77457080-04 
1.77457090-04 
1.7/45710D-04 
1.77457110-04 
1.77457110-04 
1.77457110-04 
1.77457110-04 
1.77457110-04 
1.77457110-04 
1.77457110-04 
1.774571LD-04 
1.77457110-04 
1.77457110-04 
LHIN 
.77700000-04 
,77700000-04 
..77700000-04 
.77700000-04 
.77700000-04 
.77700000-04 
.77700000-04 
.77700000-04 
.77700000-04 
.77700000-04 
.77700000-04 
.77700000-04 
.77700000-04 
.77700000-04 
.77700000-04 
.77700000-04 
.77700000-04 
.77700000-04 
.77700000-04 
.77700000-04 
LMAX 
1.77700000-04 
1.77700000-04 
I.77700000-04 
1.77700000-04 
1.77700000-04 
1.7770000D-0» 
1.77700000-04 
1.77700000-04 
1.77700000-04 
1.77700000-04 
I.77700000-04 
1.77700000-04 
1.77700000-04 
I.77700000-04 
I.77700000-04 
1.77700000-04 
1.77700000-04 
1.77700000-04 
I.77700000-04 
I.77700000-04 
T (HOURS I 
0 . 0  
2.00000000 00 
4.00000000 00 
6.0000000D 00 
0.OOOOOOÛD 00 
I.OOOOOOOO 0 1 
1.20000000 01 
1.40000000 01 
1.60000000 01 
1.80000000 0 1 
2.0000000D 01 
2.20000000 01 
2.40000000 01 
2.6000000D 01 
2.80000000 01 
3.00000000 01 
3.20000000 01 
3.40000000 0 1 
3.60000000 01 
3.80000000 01 
M IMIN 
.77700000-04 
.77677 SD-04 
.7 7654 720-04 
.77633610-04 
.77613300-04 
.77593390-04 
.77593400-04 
.77593*20-04 
.77593430-04 
.77593430-04 
.77593440-04 
.77593440-04 
.77593440-04 
.77593440-04 
.77593440-04 
.77593440-04 
.77593440-04 
.77593440-04 
.77593440-04 
.77593440-04 
FAILURE 
«1HAX 
1.77700000-04 
1.77677050-04 
1.77654 720-04 
J.77633610-04 
1.77613500-04 
I.7759339O-04 
1 .77!>93400-04 
1.77S9J42D-04 
1.77593430-04 
1.77593430-04 
1.77593440-04 
1.77593440-04 
1.77593440-04 
1.775W344D-04 
1.775<.I3440-04 
1.77593440-04 
1.77593440-04 
1.77593440-04 
1.77593440-04 
1.77593440-04 
RATE CONTRIBUTIONS 
W2MI N 
0.0 
4.O19I388D-08 
7.47517340-08 
9.99100590-08 
1.101374SO-07 
1.363642 80-07 
1.36352480-07 
I.36340680-07 
1.36332820-07 
I.36320900-07 
1.36324970-07 
I.36324980-07 
1 .36324980-07 
1.36324980-07 
1.36324900-07 
1.36324980-07 
1.36324980-07 
1.36324980-07 
1.36324980-07 
I.36324960-07 
W2MAX 
0.0 
4.01913880-08 
7.47517340-08 
9.99100590-08 
1.10137450-07 
1 .36364280-07 
1.36352480-07 
I .36340680-07 
1.36332820-07 
1.36328900-07 
I.36324970-07 
1.36324960-07 
1.36324980-0 7 
1.36324980-07 
I.36324980-07 
1.36324980-07 
1.36324980-07 
1 .36324980-07 
I.36324980-07 
1.36324900-07 
«M1N 
.77700000-04 
.77036860-04 
.77579970-04 
.7 7533 700-04 
.7749536D-04 
.77457020-04 
.77457050-04 
.77457080-04 
.77457090-04 
.77457100-04 
.77457110-04 
.77457110-04 
.77457110-04 
.77457110-04 
.77457110-04 
.77457110-04 
.77457110-04 
.77457110-04 
.77457110-04 
.77457 1 LD-04 
HHAX 
1.77700000-04 
1.77636060-04 
1.77579970-04 
1.77533700-04 
I,77495360-04 
1.77457020-04 
I.77457050-04 
1.77457080-04 
1.7745709O-04 
1.77457100-04 
1.77457110-04 
1.77457110-04 
1.77457110-04 
1.77457110-04 
1.77457110-04 
1.77457110-04 
1.774571LO 04 
1.774571LD-04 
1.77457110-04 
1.77457110-04 
00 
00 
00 
01 
01 
01 
0 1  
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
DIFFERENTIAL CHARACVERI ST ICS-LAST BRACKETS 
QLAST 
0*0 
3.55306100-04 
6,75449870-04 
9.35036650-04 
1,15159490-03 
1.36735060-03 
1«36719980-03 
1,36704900-03 
1.36694860-03 
1.36689640-03 
1.36684820-03 
1,36684830-03 
1,36684830-03 
1,36684840-03 
1.36684840-03 
1.36684840-03 
1.36684840-03 
1.36684840-03 
1.36684840-03 
1,36684 840-03 
WILAST 
1«77700000-04 
1.77677050-04 
1.77654720-04 
1.77633610-04 
1.77613500-04 
1.77593390-04 
1.77593400-04 
1.77S93420-04 
1.7 7593430-04 
1.77593430-04 
1.77593440-04 
1.77593440-04 
1.77593440-04 
1.77593440-04 
1.77593440-04 
1.77593440-04 
1.77593440-04 
1.77593440-04 
1.77593440-04 
1.77593440-04 
W2MIN-LASr 
O. 0 
4.01913880-08 
7.47517340-08 
9.99100590-08 
1.18137450-07 
1.36364280-07 
1.36352480-07 
1.36340680-07 
1.36332820-07 
1.36328900-07 
1.36324970-07 
1.36324580-07 
1.36324980-07 
1.36324980-07 
1.36324980-07 
1.36324980-07 
1.36324980-07 
1.36324980-07 
1.36324980-07 
1.36324980-07 
00 
00 
00 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
INTEGRAL CHARACTERISTICS-BEST BRACKETS 
KMIN-SUM 
3.5U33&86D-04 
7. 1 055.1700-04 
1.06566740-03 
1.42069640-03 
1.7 7564880-03 
2.13056290-03 
2.48547700-03 
2.84039120-03 
3.19530540-03 
3.55021960-03 
3.90513380-03 
4.26004800-03 
4.61496230-03 
4.96937650-03 
5.32479070-03 
5.67970490-03 
6.03461910-03 
6.38953340-03 
6.74444760-03 
WMAX-SUM 
3.S5336860-04 
7.10553700-04 
1.06566740-03 
1 .42069640-03 
1.77564880-03 
2.13056290-03 
2.48547700-03 
2.84039120-03 
3.19530S40-03 
3*55021960-03 
3.90513380-03 
*.26004800-03 
4.6149623D-03 
4.96907650-03 
5.32479070-03 
5=67970490-03 
6.03461910-03 
6.38953340-03 
6.7 4444 760-03 
FMIN-SUM 
3.SS3368SD-04 
7. 10547440-04 
1.06563180-03 
1.42059000-03 
1.77542210-03 
2.13012810-03 
2.48470800-03 
2.83916190-03 
3. 19348990-03 
3.5476V200-03 
3.90176820-03 
4.2557 1870-03 
4.60954330-0 3 
4.9632422Dr03 
5.31681540-03 
5.67C26300-03 
6 .02358500-03 
6.37678150-03 
6.72985240-03 
FMAX-SUH 
3.5533685D-04 
7.10547440-04 
1.06563180-03 
I.42059000-03 
1.77542210-03 
2.13012810-03 
2.48470800-03 
2.8391619D-03 
3o 19348990-03 
3.54769200-03 
3.90176820-03 
4.25571870-03 
4.6095433D-03 
4.96324220-03 
5.31681540-03 
5.67026300-03 
6*02358500-03 
6.37678150-03 
6.72985240-03 
f 
•••••CONCLUSION OF OUTPUT FROM KITT-2^^*^^ 
